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PART NUMBER INDEX 





COM 9004 


183 


PART NUMBER-_ PAGE ~ PART NUMBER | PAGE 
CCC 3500 399 COM 9026 191 
CG4103. 417 CRT 5027 | 239 
COM 1553A 27 CRT 5037 239 
COM 1553B 43 CRT 5047 247 
COM 1671 59 CRT 5057 239 
COM 1863 75 CRT 7004 301 
COM 2017 83 CRT 7220 249 
COM 2017H 83 CRT 8002 | 279 
COM 2449 91 CRT 8002H 293 
COM 2502 83 CRT 8021 319 
COM 2502H 83 CRT 9006 307 
- COM 2601 107 CRT 9007 251 
COM 2651 115 CRT 9021 327 
COM 2661 127 CRT 9212 313 
COM 5016 209 CRT 96364 271 
COM 5016T 209 FDC 765A 341 
COM 5025 139 FDC 1761 343 
COM 5026 211 FDC 1763 343 
COM .5026T 211 FDC 1765 343 
COM 5036 213 FDC 1767 343 
COM 5036T 213 FDC 1791 359 
COM 5046 215 FDC 1792 359 
COM 5046T 215 FDC 1793 359 
COM 7210 151 FDC 1794 359 
COM 8004 153 FDC 1795 359 
COM 8017 159 FDC 1797 359 
COM 8018 75 FDC 3400 389 
COM 8046 221 FDC 9216/B 375 
COM 8116 223 FDC 9229/B 379 
COM 8116T 223 HDC 7261D 387 
COM 8126 225 KR 2376 429 
COM 8126T 225 KR 3600 433 
COM 8136 227 MPU 3870 441 
COM 8136T 227 ROM 4732 405 
COM 8146 229 ROM 36000 409 
COM 8146T 229 SR 5015 419 
COM 8251A 167 SR 5017 423 
COM 8502 159 SR5018 423 





COM 15534 


COM 1553B 


COM 1863 





COM 2017 


COM 2017H 














FUNCTIONAL INDEX 


Part ; 
MWuamber Name 


MIL-STD- ; MIL-STD-1553 (Manchester) Interface | 
15534 DART Controller 
MIL-STD- MIL-STD-1553B (Manchester) Interface 


1553B UART 








Description 





Controller 
Asynchronous/Synchronous 


data bit, 1X or 32X clock 


“ Data Communication Products 





Transmitter/Receiver, Full Duplex, 5-8 


| 









Max 
Band Rate 





UART 


| Universal Asynchronous Receiver/ 
. Transmitter, Full Duplex, 5-8 data bit, 
1, 1%, 2 stop bit, enhanced distortion 
| margin 







62.5 KB 


Power 








Supplies | Package! Page 









40 DIP 





+5 


40 DIP 















| 1, 14%, 2 stop bit 





1, 14%, 8 stop bit 

RS 449 Compatible Universal 
| Synchronous/Asynchronous 
Receiver/Transmitter 






























1, 2 stop bit 


| Universal Synchronous Receiver/ 
' Transmitter, STR, BSC, Bi-sync 
' compatible 





Universal Asynchronous Receiver 
Transmitter, Full Duplex, 5-8 data bit, 





25 KB 


+5, -128 40 DIP 





Universal Asynchronous Receiver/ 
| Transmitter, Full Duplex, 5-8 data bit, 


| Universal Asynchronous Receiver/ 


















40 KB 


+5, —12 


















40 DIP 


j | | Transmitter, Full Duplex, 5-8 data bit, : 25 KB +5, —-12 40 DIP 83-90 
i : | 1,8 stop bit : i 
‘COM 2502H | UART | Universal Asynchronous Receiver/ 


| Transmitter, Full Duplex, 5-8 data bit, 































































COM 2651 UDSART/PCI | Universal Synchronous/Asynchronous | 
| Receiver/Transmitter, Full Duplex, 5-8 ; i 
| | data bits; 1, 1%4, 2 stop bit, 1X, 16x, Be ts | 26 DIP | 115-126 
i 64X clock 
| COM 2661 | USART/EPCI | Universal Synchronous/Asynchronous | 
| Receiver/Transmitter, Full Duplex, 5-8 H : 
| | | data bits; 1, 1%, 2 stop bit, 1X, 16X, ee on C2 PUES ft ARCISe 
' | 64X clock 1 
COM 5025 | Multi-Protocol! SDLC, HDLC, ADCCP, Bi-sync, DDCMP : 
| USYNRT compatible, automatic bit stuffing/ . 
| stripping, frame detection /generation, H 1.5 MB +5, +12 40 DIP 139-150 
' CRC generation/checking, sync detection | 
COM 7210 GPIB | Intelligent Interface Controller 8 MHz +5 40 DIP 
Interface for GPIB (IEEE-488-1978) ] 151-152 
Controller 
COM 8004 52 Bit CRC Companion device to COM 5025 
Generator/ | for32bitCRC 2.0 MB +5 20 DIP 153-158 
Checker ; 
COM 8017 UART Universal Asynchronous Receiver/ 
Transmitter, Full Duplex, 5-8 data bit, 40 KB +5 40 DIP 159-166 
| 1,1%,2 stop bit 
1 COM 8018 TART | TJniversal Asynchronous Rereiver/ 
Transmitter, Full Duplex, 5-8 data bit, : 
| 1, 144, 2 stop bit, enhanced distortion aoe Se De 75-62 | 
margin 
Universal Synchronous/Asynchronous 
Receiver/Transmitter, Full Duplex, 5-8 64 KB (sync) 167-182 
data bit, 1, 114, 2 ston bit 9.6 KB (asyne) +5 28 DTP 
COM 8502 UART Universal Asynchronous Receiver/ 
Transmitter, Full Duplex, 5-8 data bit, 40 KB +5 40 DIP 159-166 
1,2 stop bit 
COM 9004 IBM 3274 IBM 3274 Compatible receiver/ — 2.36 MB +5, +12 40 DIP 
Receiver/ transmitter 183-190 
Transmitter 
comeoz6 | LANG Local Area Network Controller for token 2.5 MB 40DIP | 19.206 





| pass systems 





Baud Rate Generator 





All Baud Rate Generators are programmable put frequencies simultaneously for full duplex 
dividers capable of providing 16 output frequen- communications. 

cies* for UARTs or USARTs from either an on-chip Baud Rate Generators providing all standard baud 
crystal oscillator or an external frequency input. rates from various popular crystal frequencies are 
“T” versions utilize an external frequency input available. In addition the baud rate generator may 
only. Dual Baud Rate Generators provide two out- be custom mask programmed for other divisors. 


Power 
Features Supplies | Package Page 


*axcept as noted 




















































































Description 
COM 5016 Dual Baud Rate Generator On-chip oscillator or external +5, +12 18 DIP 209-210 
frequency input j 
COM 5016T“) | Dual Baud Rate Generator External frequency input _ +5,+12 18 DIP 209-210 
COM 5026 Single Baud Rate Generator . On-chip oscillator or external +5, +12 14 DIP 811-212 
[os frequency input 
COM 5026T‘) | Single Baud Rate Generator External frequency input +5, +12 14 DIP 211-212 
i etree 
COM 5036 Dual Baud Rate Generator COM 5016 with additional +5, +12 18 DIP 213-214. 
output of input frequency + 4 
COM 5036T“}) | Dual Baud Rate Generator COM 5016T with additional +5,+12 | 18DIP 213-214 
output of input frequency + 4 
COM 5046 i Single Baud Rate Generator COM 5026 with additional +5,+12 | 14DIP 215-220 
| ae output of input frequency + 4 
COM 50486T“) | Single Baud Rate Generator COM 5026T with additional +5, +12 14 DIP 215-220 
output of input frequency + 4 
el 
COM 8046 Single Baud Rate Generator 38 baud rates; 1X, 16X, 32x 1 
clock outputs; single +5 volt +5 _16DIP° 221-222 
supply . 
COM 8046T“) | Single Baud Rate Generator. COM 8046 with external +5 16 DIP 221-222 
frequency input only 
COM 8116 Dual Baud Rate Generator Single +5 volt version of +5 | 18DIP 825-224 
COM 5016 
COM 8116T“) | Dual Baud Rate Generator Single +5 volt version of +5 18 DIP 2235-224 
COM 5016T 
COM 8126 Single Baud Rate Generator Single +5 volt version of ‘ +5 14 DIP 
[ COM 5026 jo: 
COM 8126T®) | Single Baud Rate Generator Single +5 volt version of +5 _ 14 DIP 225-226 
COM 5026T ; 
ey 
COM 8136 Dual Baud Rate Generator Single +5 volt version of +5 18 DIP 227-228 
COM 5036 | 
COM 8156T“) | Dual Baud Rate Generator Single +5 volt version of +5 18 DIP 227-228 
COM 5036T 
COM 8146 Single Baud Rate Generator Single +5 volt version of +5 14 DIP 229-2352 
| COM 5046 
COM 8146T®) | Single Baud RateGenerator §_—Single +5 volt version of +5 14 DIP 229-232 
i COM 5046T 








Keyboard Encoder 
















maaage | rage _| 






















& Key Rollover +6, -12 40 DIP 429-432 
2 Key or 433-440 


| +5,-12 | 40 DIP 
N Key Rollover 


(l)May be custom mask programmed 
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' Printer 





CHARACTER GENERATOR 


CG 4103() 
SHIFT REGISTER | 


Foxiure ___Giotk Freg 
SR 5015-XxX (}) Quad aaa sia peat Register | 
Mask Programmable Length 
8R 5015-80 Quad 80 Bit Static 


SR 5015-81 Quad 81 Bit Static 


8R 5015-133 


Shift Left/Shift 
SB,.5017 Right, Recirculate 
= sala” 

ronous clear 


Microprocessor Peripheral 
a 
Power Supply 


ROM 4732 ©) 32K ROM; eee —F bits 

poten |S eee ee 
ROM 36000 (1?) 64K ROM; 65,536 bits 

[powessoen | Sranmedcimace | se0nme | as] meme | aoe 


FLOPPY DISK/HARD DISK ~- 



















































Part | Sector/ Data (| SideSelect| Power 
Wamber | Description | Format Density Bus Output § Supplies; Package Page H 
FDC765 Floppy Disk Controller/ Soft Double True Yes +5 40 DIP 341-342 
Formatter 
FDC1761 Floppy Disk Controller/ Soft Double {| Inverted No +5, +12 40 DIP 543-358 
| Formatter (mini-floppy only) 
FDC17635 Floppy Disk Controller/ Soft Double True No +5,4+12; 40DIP 
Formatter (mini-floppy only) | | 
FDC1765 Floppy Disk Controller/ Soft Double | Inverted | Yes | +5,4+12] 40DIP 343-358 
Formatter (mini-floppy only) 
-FDC1L767) | Floppy Disk Controller/ | Soft i Double , True | Yes ; $5,412 40DIP 3435-355 
Formatter (mini-floppy only) | | 
FDC1791 | Floppy Disk Controller/ | 359-374 
Formatter | 
FDCL792 Floppy Disk Controller/ 359-374 
Formatter 
FDC1793 Floppy Disk Controller/ | Soft Double True No +5, +12 40 DIP 359-374 
Formatter 
FDC1794 Floppy Disk Controller/ Soft Single +5, +12 40 DIP 359-3574 
Formatter 
FDC1795 Floppy Disk Controller/ Soft Double | Inverte +5,+12 40 DIP 359-374 
| Formatter 
FDCL?97 | Floppy Disk Controller/ Soft Double True Yes 5, +12 40 DIP 359-374 
Formatter 
FDCS3S400 Floppy Disk Data Handler Hard NA True NA +5,-12! 40DIP 389-396 
FDC9216/B | Floppy Disk DataSeparator [Soft/Hard! Double NA NA +5 8 DIP 375-378 
FDC9229/B | Floppy Disk Data Separator, [Soft/Hard| Double 





Head Load Timer, write 










| pataate | restures | Supply | ackage | age | 
Sync byte detection, +5, -12 40 DIP 397-404 
Read While Write 





(May be custom mask programmed (2) For future release 
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CRT Display 















































TIMING CONTROLLERS 
Display Max Power 
Part Number | Description Features Format Clock | Supplies | Package Page 
CRT 5027 eit aq at tie programmable +5,+12 | 40DIP | 239-246 
CRT 5037 timing and control balanced beam interlace | programmable 4MHz | +5,+12 40 DIP 239-246 | 
CRT 5047 (1) forinterlacedand J fixed format 80 column 4MHz | +5,+12| 40DIP | 247-248 
| non-interlaced CRT 24 row 
displ. 
slid line-lock programmable | 4MHz | +5,+12/ 40pIP | 239-246 | 
Graphics Display Intelligent graphics 1024 x 1024 Pixel] 4/5/5.5 40 DIP 249-251 
Controller display controller MHz 
CRT 9007 | GRT video processor | sequential or row- programmable 40 DIP 251-270 
and controller table driven memory 
fort 96364A/B | complete CRT on-chip cursor and 64 column 1.6 MHz 28 DIP 271-278 
proccessor write control 16 row 


VDAG™ DISPLAY CONTROLLERS 


Display 


[cRTs002H | 8002H 


CRT 8002A (1,5) 


Provides complete 
display and attri- 
butes control for 
alphanumeric and 


7x11 dot matrix, 
wide graphics, 
thin graphics, 
on-chip cursor 


279-288 


graphics display. 
Consists of 7 x 11x 128 
character generator, 
video shift register, 
latches, graphics and 
attributes circuits. 


CRT 8008B (1.5) 879-288 


CRT 80026 (15) 279-288 




















CHARACTER GENERATORS 


Max 
power suppty | Package 


ROW BUFFER 


Max 
Part Number Description Row = Power Supply 
CRT'9006-85 8 bit wide serial cascadable single row buffer 24 DIP 307-312 
|CRT9006-135 9006-135 |oRT 9006-185 | Memory for CRT or printer | 188 characters | characters 
CRT 9212 a ea bit wide serial cascadable double row buffer 135 characters 28 DIP 3135-318 
memory for CRT or a ea 


VIDEO ATTRIBUTES CONTROLLERS 


‘ Max Power 
Part Number Description Display Attributes Clock Supply 


Description 





CRT 7004A (4) 


CRT 7004B (1.4) 


CRT 7004C 14) 


7x 11x 128 character generator, 


latches, video shift register an MHz 









































package | Page 
CRT 8021 Provides attributes Alphanumeric, wide | Reverse video, +5 28 DIP 319-326 
and graphics control graphics, thin graphics,| blank, blink, 
for CRT video on-chip cursor underline, 


strike-thru 
Alphanumeric, wide | Reverse video, 
graphics, thin graphics,| blank, blink, 
on-chip cursor, double | underline, 


28.5 MHz 28 DIP 327-358 
height, double width | intensity 


(3) Also available as CRT 80024,B,C — 001 Katakana 

CRT 80024,B,C — 003 5X7 dot matrix 
(4) Also available as CRT 7004A,B,C —003 5X7 

dot matrix 


displays 
Provides attributes 
and graphics control 
for CRT video 
displays 
(1) May be custom mask programmed 
(2) For future release 















CRT 9021B 
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General 


Description Harris ee Intersil 


















UART (n-Channel)* $1602 | = | — _ 
USRT $2350* | — —_— = = 








ASTRO 
PCI 














Multi-Protocc i | F3846* = —_ = 
USYNRT | F6856* _ 
USYRT | 





Dual Baud Rate Gen. 







HD4702" 
HD6405* 








| Single Baud Rate Gen.) 


















88 Key KB Encoder AY 5-2376 





90 Key KB Encoder AY 5-3600 aes _ = 
CRT Controller 


Character Generator 





Character Generator 





Graphics Controller 


Character Generator 






Hard Disk Controller 


Shift Register 


Microcomputer 


*Functional Equivalent - *™™*Most UART’s are interchangeable; consult the factory 


TEFERENCE GUIDE 


Commodore 
(MOS 


Technology) 





== ial EI 


Solid 
State 
Scientific 


Signetics 





a 2536 


MCS1009* 


; MCS1004* 
_MCS2027* 








MK3807 


MK2002 





MK1007* | 


K3870/20 | 


MC6850* 


MC14411* 





| moseas: | 


MCM66700* 
| MC6570* 





INS1671 
INS2651 


INS8251 | uPD8251A 
u.PD379* 


»PD7210 


MM5307* 





DM8678* 


i 


TR1402 


TR1863 


Sako 





SY2661 








| Passo" SND5027 * 7 
relies ee SHB | esas: | rusoozr | — 


2609* 





2652 SND5025 = = 


$D1933* 


BR1941L 





TMS5001 


ee 


| MC1132* M5240 = TMS4103 


em = [= =P 


5054* 





for detailed information on interchangeability. 


2532" 


TMS31 13% 
TMS31 14* 





For Floppy Disk Controllers—See Next Page 
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SMC 
Part # 


Description 
Floppy Disk Controller ! FDC 1791-02 
Floppy Disk Controller | FDC 1792-02 
Floppy Disk Controller FDC 1793-02 
Floppy Disk Controller FDC 1794-02 
Floppy Disk Controller FDC 1795-02 
Floppy Disk Controiler FDC 1797-02 
Floppy Disk Controller FDC 1761-02 
Floppy Disk Controller FDC 1763-02 
Floppy Disk Controller FDC 1765-02 
Floppy Disk Controller FDC 1767-02 


Floppy Disk Data Separator FDC 9216 





Floppy Disk Controller FDC765 


“Functional Equivalent 





STANDARD MICROSYSTEMS 
CORPORATION 


| Western | 
Digital 


| Fujitsu | Synertec 


MB8876 


SY1793-02 ee 
forse | 
fore — 

FD 1797-02 
se 
ere | 
= enece 

rere 

P= er 

a ee 
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Innovation in microelectronic technology is the Rey to 
growth at Standard Microsystems. 


Since its inception, Standard Microsystems. has been a leader in creating new tech- 
nology for metal oxide semiconductor large scale integrated (MOS/LSD circuits. 

For example, while the first MOS/LSI processes were p-channel, it was recognized - 
very early that an n-channel process would greatly improve switching speeds and 
circuit density. However, the fundamental problem of parasitic currents needed to 
be solved. The research and development staff at Standard Microsystems recognized 
this problem and directed its energy toward the development of its now-famous 
COPLAMOSS® technology. COPLAMOS® defines a self-aligned, field-doped, locally 
oxidized structure which produces high-speed, high-density. n-channel IC’s. 

In addition, on-chip generation of substrate bias, also pioneered by Standard 
Microsystems, when added to the COPLAMOS® technology, results in the ability to 
design dense, high-speed, low-power n-channel MOS integrated circuits through the 
use of one external power supply voltage. . 

Again recognizing a need and utilizing its staff of qualified process experts, Stan- 
dard Microsystems developed the CLASP® process. The need was for fast turna- 
round, easily programmable semi-custom LSI technology. The development was 
CLASP®, a process that utilizes ion implantation to define either an active or passive 
device which allows for the presence of a logical 1 or 0 in the matrix of amemory or . 
logic array. This step is accomplished after all wafer manufacturing steps are © 
performed including metalization and final passiviation layer formation. Thus, the 
wafer can be tested and stored until customer needs dictate the application, a huge 
saving in turnaround time and inventory costs. 

These innovations in both process and circuit technology have received wide- 
spread industry recognition. In fact, many of the world’s most prominent semicon- 
ductor companies have been granted patent and patent/technology licenses covering 
various aspects of these technologies. The companies include Texas Instruments, 
IBM, General Motors, ITT, Western Electric, Mostek, Hitachi and Fujitsu. 

Over the past few years, scientists and engineers at Standard Microsystems have 
been developing a technology to significantly reduce the sheet resistivity of 
polycrystalline silicon and thereby dramatically decrease internal time constants in 
MOS devices. Their work has culminated in the successful completion of a program 
to replace polycrystalline silicon in n-channel MOS devices with an alternate mate- 
rial, titanium disilicide. This has enabled Standard Microsystems to become the first | 
semiconductor manufacturer to market and sell MOS/VLSI circuits which employa_ - 
metal silicide to replace the conventional doped polycrystalline silicon layer. 
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Our engineering staff follows the principle that “necessity 
is the mother of invention.” 


This philosophy led Standard Microsystems Corporation to COPLAMOS®, CLASP®, 
and Titanium Disilicide gate technology, as well as other innovative developments. It 
also brings companies to us to solve tough problems that other suppliers can’t. 

But it’s a philosophy that involves more than just developing the next generation of 
MOS/LSI devices. 

Such exploration, for example, helped Standard Microsystems recognize the need 
for communication controllers to handle the latest data communication protocols. 
As a result, Standard Microsystems was the first to introduce a one-chip LSI controller 
for HDLC protocols—the COM 5025. 

The COM 5025 is so versatile it can actually provide the receiver/transmitter func- 
tions for all the standard bit and byte oriented synchronous protocols, including 
SDLC, HDLC, ADCCP, bi-sync and DDCMP. 

In another area, CRT display systems have traditionally required a great deal of 
support circuitry for the complex timing, refresh and control functions. 

This need led the engineers at Standard Microsystems to develop the CRT 5027 
Video Timer and Controller (VTAC®) that provides all these functions on a single 
chip. This left the display, graphics and attributes control spread over another 20 or 
30 SSI, MSI and LSI devices. Standard Microsystems combined all these functions in 
the CRT 8002 Video Display Attributes Controller (VDAC™). The COPLAMOS® pro 
ccess was used to achieve a 20 MHz video shift register, and CLASP® was used for 
fast turnaround of character font changes through its last stage programmability. 

So from 60 to 80 integrated circuits, Standard Microsystems reduced display and 
timing to 2 devices, drastically reducing the cost and size of today’s CRT terminals. 

Another major achievement was the development of the “next generation” Video 
Processor And Controller (VPAC™), the CRT 9007. This chip replaces up to 80 SSI 
and MSI TTL devices as well as providing a hardware solution to many of the 
software problems of CRT Video Controller design. 

Achievements like these help keep Standard Microsystems custom and standard 
products in the forefront of technology with increased speeds and densities, and a 
lower cost per function. 





12 


Improvements in processing and manufacturing keep 
pace with advances in semiconductors. 


With the phenomenal growth of the electronics industry, innovation is, of course, 
highly desirable. But if the products are to perform as designed, they also have 
to be reliable.. . ee 

That’s why at Standard Microsystems we take every means to insure the utmost 
quality and dependability. Consequently, “state-of-the-art” applies not only to our 
products, but to the way we manufacture them. | 

In wafer fabrication, the latest equipment and techniques are-employed. In addi- 
tion to conventional processing equipment, we use ion implantation technology 
extensively. We also use plasma reactors for much of our etching and SHIPPING Oper: 
ations to maintain tight tolerances on process parameters. 

To make plastic packaging immune to moisture, we use a process that deposits a 
protective (passivating) layer of silicon nitride on the device surface. 

Standard Microsystems processes include high and low voltage p-channel metal 
gate, n-channel silicon gate (COPLAMOS®), high-speed n-channel silicon gate with 
depletion mode devices, CLASP® and titanium disilicide gate. In general, these 
processes have been engineered so that they are also compatible with most 
industry standard processes. 

One obvious advantage our total capability gives customers, is that they can bring 
us their project at any stage in the development process. For instance, they may 
already have gone through system definition. Or they may have gone all the way to 
prototype masks, and only want production runs. 

It makes no difference to Standard Microsystems. We can enter the process at - 
any level. 

Our full service capability lets us make full use of the technologies we develop. We 
can produce any quantity of semiconductors customers may require. And we can 
offer them one of the fastest turnaround times in the industry. 
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Standard Microsystems’ Custom Capability. 


Custom MOS. A Small _ 
Revolution with a Large Impact. 


Remarkable advances in semiconductor tech- 
nology, combined with the availability of 
quality, low-cost electronics, continue to open 
new markets for products incorporating micro- 
electronic components. 

Today, metal-oxide semiconductor/large 
scale integrated (MOS/LSD circuits are integral 
components in computers and computer 
peripherals, automobiles, televisions, electrical 
appliances, electronic toys and games, bank 
terminals, telephones and a host of other signif- 
icant applications. 

With further applications for large scale inte- 
grated and very large scale integrated (VLSI) 
circuits being discovered every day, one thing is 
certain. They will have a profound effect on 
our lifestyle. 


Custom Commitment 


Standard Microsystems is organized into two 
separate Product Lines; Custom Products and 
Standard Products. Custom Products has its 
own management, marketing, and engineering 
team that is fully dedicated to developing and 
producing custom products. 

Custom MOS/LSI is a major portion of our 
business. Fully one-third of all our revenue is a 
direct result of our custom MOS/LSI projects. 

Over the years, Standard Microsystems has 
developed custom circuits for a wide variety 
of applications: Computers and computer 


peripherals, telecommunications and data com- 


munications, garage door openers and burglar 
alarms, electronic toys and games, musical 
instruments and more. Both over-the-air and 
cable T.V. systems have made use of our cus- 
tom circuits. One company’s line of word 
processing equipment makes almost exclusive 
use of our custom LSI. 

As a Company committed to serve the cusiom 
marketplace, Standard Microsystems has 
developed the resources and established proce- 
dures for MOS/LSI circuit development that 
enables the company to respond rapidly to 
growing customer needs. 





System Design—The Alternatives 


The electronic system designer can select from 
several alternatives in the implementation of the 
system. The optimum selection for any system 
will depend upon the relative significance of the 
following factors— 

¢ Costs—developmental, production and 

maintenance; 

¢ Performance—speed, power dissipation; 

* Form factor—system size and weight; 

¢ Uniqueness—proprietary features; 

¢ Development time—product introduction; 

¢ Reliability—-mean time between failures 

(MTBF). 

No single alternative is best for all cases— 
each represents a combination of advantages 
and disadvantages to be evaluated for the sys- 
tem under consideration. The major alternatives 
available are listed below. 


Standard Circuits 


_The use of “off the shelf” small scale (SSD), 
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medium scale (MSI), or large scale (LSI) inte- 
grated circuits is appropriate whenever develop- 
ment costs and time must be kept toa 
minimum, and system performance require- 
ments can be met by interconnecting numbers 
of such standard components. Standard Micro- 
systems is a recognized industry leader in 
standard LSI components for the data communi- 
cations and computer peripheral markets. 


Microprocessors 
_. These programmable LSI standard circuits can 


be the elements of choice for certain classes of 
systems where there is a good fit between the 
microprocessor capability and the system 
performance requirements. The system parts 
count is reduced at the expense of a longer 
(software) development time. 


Gaie Arrays 


A gate array is a semi-custom circuit containing 
a pattern of elements which can be selectively 
interconnected to form the desired logic. The 
interconnections are typicaiiy accompiished by 
a customized metal pattern. 

For low to medium volume production, these 
“hardware programmable” circuits can reduce 
parts count and offer some degree of unique- 
ness, at modest development cost and time. 


The Custom Option 


FOR HIGH VOLUME PRODUCTION, WHERE 
THE DEVELOPMENT INVESTMENT CAN BE 
MADE, THE CLEAR CHOICE IS THE FULLY- 
CRAFTED CUSTOM CIRCUIT. A custom circuit 
implementation will provide— 


Lowest Overall Cost 


The overall cost savings realized with custom 
LSI can be substantial, especially when high- 
volume production is encountered. 

Savings are effected in several ways. Because 
custom designed circuits contain only neces- 
sary components, the cost of unused circuitry 
on standard microprocessors or integrated cir- 
cuits is eliminated. Costs for troubleshooting, 
repair and warranty claims are reduced. In addi- 
tion, custom MOS can be more economical over 
SSI and MSI when purchase, inventory and 
assembly costs are considered. Also, when a 
system contains a large amount of SSI and MSI, 
its custom counterpart can significantly reduce 
power consumption. 


Lowest Parts Count 


There are many applications where a single- 
package custom LSI circuit can out-perform a 
microprocessor and its ROM and RAM circuits 
while reducing costs. A custom LSI unit can rap- 
idly execute repetitive functions using high 
speed logic. A microprocessor needs time-con- 
suming algorithms to do the same thing. 


Highest Reliability 


Higher reliability is achieved, especially when 
replacing circuits that contain significant 
amounts of SSI and MSI. Fewer parts and solder 
points reduce the failure rate and raise the relia- 
bility. This means low MTTR (mean time to 
repair), which translates into lower mainte- 
nance costs and higher customer satisfaction. 


Minimum Size, Weight, Power Dissipation 


The size and complexity of printed circuit 
boards are greatly reduced when using a cus- 
tom circuit. The custom circuit results in a most 
compact package, specifically designed to 
perform only the necessary tasks utilizing mini- 
mum power and space. 


Unique Proprietary Features 


Proprietary design is another major benefit. It 
protects your design from would-be copiers 
because it makes testing and support difficult. 
This, coupled with the complexity of custom 
semiconductor fabrication, makes duplicating 
your custom circuit far less probable. 
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The Full Design Custom 
Program 


Typically in a custom program where Standard 
Microsystems performs all of the operations— 
from design through to finished product—the 
following sequence applies: 


Evaluation 


The customer’s system diaracterisics are care- 
fully evaluated from the information provided 
to determine the feasibility of the custom 
approach, considering such factors as system 
partitioning, functional performance, opera- 
tional environment, operating speed, power 
requirements, process selection, packag- 

ing and testing. 

If the conclusion is positive, Standard Micro- 
systems will quickly provide a Quotation to the 
potential customer, which will include— 

¢ a firm development schedule 

* the non-recurring engineering charge (NRE) 

* a production price schedule 


System Definition 


Once the design is authorized, a thorough spec- 
ification review takes place between Standard 
Microsystems’ engineers and the customer’s 
engineers. In this critical phase, Standard 
Microsystems’ years of successful design expe- 
rience are applied as an extension of the 
customer’s design resource in a close working 
relationship. 


Circuit Design 


Required functions are converted to detailed 
MOS logic. The logic is verified via advanced 
logic simulation routines, utilizing our in-house 
computers (VAX, Eclipse, PDP-11), and/or 
breadboard emulators. Circuit simulation is 
done using SPICE, MOSAID, and Standard — 
Microsystems written software. 


Artwork Generation 


At Standard Microsystems, device layout is a 
blend of custom “hand-crafting” and sophisti- 
cated CAD, using our Calma GDS I and GDS II 
color graphics systems, to achieve the optimum 
composite drawing in terms of size and sched- 
ule. Check plots are obtained on our Xynetics 
and Versatec plotters, and advanced design rule 
checks (DRC) and electrical rule checks (ERC) 
provide comprehensive artwork verification. 


Mask Fabrication 


Production tooling is obtained from qualified 
mask vendors to Standard Microsystems’ exact- 





ing, above-industry standards. Colored overlays 
of each mask layer are typically used as a final 
check point. 


Wafer Fabrication 


Standard Microsystems offers a variety of pro- 
cesses, including a mature p-channel metal 
gate process, and a range of n-channel silicon 
gate processes. We will determine the appropri- 
ate process to'satisfy each customer’s cost/ 
performance requirements. 

All wafer processing is done in our facilities, 
utilizing state-of-the-art equipment. Standard 





TYPICAL © 


MASK SUPPLY 





PROCESS ane Ne wae 
3to7 





5000 ras: +12 
—3 (or pump) 


SMC PROCESS CHARACTERISTICS 
FREO 


Microsystems has made substantial investments 
in direct-step-on-wafer equipment, and 
advanced ion-implantation, sputtering, deposi- 
tion and plasma etch equipment. 


Assembly 


Standard Microsystems can provide a wide vari- 
ety of industry-standard packages, including 
ceramic, plastic and CERDIP dual-in-line types, 
flat-packs and chip carriers. The latest in 
automated equipment, such as our automatic 
wire bonders, insure high quality and high 
volume throughput. 










FEATURES/COMMENTS 


p-channel metal gate. Enhancement 
mode, most mature process, low 
performance. 


n-channel si-gate. Enhancement 
mode, most mature n-channel 

process, moderate performance. 
Substrate bias required. 






6000 +5, +12, 3to7 Same as 5000 process with buried 
— + ‘(or pump) contacts. 





7000 6to 15 n-channel si-gate. Enhancement/ 
depletion mode, buried contacts, 
moderate to high performance. No 
substrate bias required. 

8000 6to 15 [oie pores wna | as 7000 process without buried 
Pe Oe a 

9000: +5 9to 25 Very high performance n-channel si- 

+ 12 (optional) gate. Enhancement/depletion mode. 
—3 (or pump) Substrate bias required. 
Customer Owned Tooling The customer then provides Standard Micro- 


An area of continuing interest to Standard 
Microsystems is that of Customer Owned 
Tooling (COT) or Customer Supplied Tooling 
(CST). In contrast to a full custom design pro- 
gram where Standard Microsystems i is responsi- 
ble for the MOS design, a COT/CST program 

is one in which the design function will be 
completed by the customer or an outside 
design house. 

Many customers find it desirable to develop 
an in-house LSI design capability, for their inter- 
~ nal circuit requirements. Standard Microsys- 
tems can provide valuable assistance in 
achieving this goal. 


systems with either a completed composite 
drawing, a data base tape (in suitable format), 
or an actual processing mask set. Whatever the 
entry level, Standard Microsystems is prepared 


to carry t the program through to completion. 


If the design is in the formative stages, the 
requirements will be studied and the most 
suitable set of design rules will be provided. 

If the design is already completed, Standard 
Microsystems will examine the design rules 
used and recommend which of our processes 
is most compatible. If small variations to 
our “standard” processing are required, they 
can usually be accommodated at little or 
no expense. 


Standard Microsystems has developed com- 
prehensive test sites that are incorporated into 
our masks for the purpose of parametric and 
quality assurance measurements. Automated 
equipment collects and stores measurements 
from these test sites. If a customer purchases 
wafers from us, these measurements are pro- — 
vided with the wafers. If a customer chooses to 


have masks fabricated himself, our test site can — 


be provided for incorporation into the masks. 

Standard Microsystems is also prepared to 
work with customers in establishing a suitable 
test interface which will enable us to provide 
the wafer probe and final test operations. 

Of course, packaging and burn-in are 
also available. 

Whichever approach is taken, Standard 
Microsystems wants to partcipate in a 
partnership that makes best use of our respec- 
tive areas of expertise. We'll work together to 
bring the project to completion; on time and 
on budget. co 


Customer Interface 


Standard Microsystems is a “full capability” 
company. We have the resources—an experi- 
enced staff and state-of-the-art equipment—to 
design, process, package and test our Custom 

MOS circuits. 

Our customers are becoming increasingly 
aware of the benefits of custom circuits in their 
product lines. They know their products and 
markets best. Some have developed the techni- 
cal expertise to perform or participate in the 
early design phases of a custom program. For ' 
this reason, Standard Microsystems offers a var- 
iety of customer interface possibilities to serve 
the broadest possible market. 


Communications: The Key to 
Custom Development 


On every Custom program, we establish com- 
munications with our customers that last 
throughout the development and production 
phases. . 

Our engineers work in an environment that 
stimulates creativity while encouraging adher- 
ence to pragmatic objectives. The status of each 
program is closely monitored. Strict scheduling, 
thorough program management and frequent 
customer contact have become the hallmark of 
a Standard Microsystems Custom program. 
Numerous testimonials from satisfied cus- 
tomers give evidence of our ability to perform— 
to specification and on time. 
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STANDARD MICROSYSTEMS 
—— 


- Quality Assurance 
and Quality Control 


Volume manufacturing of quality products requires a rig- 
orous commitment on behalf of STANDARD MICRO- 
SYSTEMS and all of its employees. Each phase of the 
operation from design to shipping must adhere strin- 
gently to documented procedures which have produced 
a product of proven reliability. 


The design of areliable product is assured by adherence 
to tested and proven design rules. Any change in design 
rules must be evaluated using a design-rule test vehicle. 
Each new product is evaluated.first by prototype wafer 
runs and thorough preliminary production and device 
’ characterization. 


Manufacturing flow is monitored by Quality Control to 
insure that parameters meet specifications on incoming 


material, within the line and at outgoing inspection. Clean 
room standards, calibration and work methods are also 
monitored. Quality Circles operate within the manufac- 
turing organization to reduce the cost of quality and 
improve the product. 


The Quality Assurance Department is the customer rep- 
resentative with the primary responsibility of evaluating 
product to current industry standards and related 
responsibilities of evaluating developmental processes, 
product and the standards themselves. 


The following is a more detailed description of the types 
of screening performed and how SMC is organized to 
produce quality products. 


1.0 Scope 


The measures taken by SMC to produce reliable inte- 


grated circuits and the assembly/screening options 
available to the customer are given in this section. 


2.0 Approach 

Factors relating to quality and reliability are discussed in 
the following order: package options, screening, pro- 
cess control, test and characterization, quality conform- 
ance/reliability testing, and failure analysis. 


3.0 Applicable Documentation 

SMC internal specifications define every phase of pro- 
duction and must be approved by the designated rep- 
resentatives of Engineering, Manufacturing, Processing, 
Quality Control and. Quality Assurance departments. 


3.1 Design Rules (DR-XXXX) | 


3.1.1 Geometric design rules define layout consider- 
ations, ‘alignment structures, critical-dimension targets, 
and input-protection networks. 


3.1.2 Electrical design rules define performance cri- 
teria, measurement methods, device parameters, and 
process parameters.. 


3.2 Purchase Specifications (PS-XX) 


All critical material is DI irchased to SMC specifications 


te Ae 


from qualified vendors. 


: i a AW 
3.2 Process Specifications (\ (WX-XX, AX-KX) 
3.3.1 


The procedures used for wafer processing and 
assembly of microcircuits are fully documented. 


3.4 Quality Control Procedures (QC-XX) 


QC procedures define the sampling techniques, accept/ 
reject criteria and test methods used in quality audits. 
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3.5 Quality Assurance Procedures (QA-XX) 


QA procedures define methods for product/process 
qualification, reliability testing and failure analysis. 


4.0 Military Standards and Specifications 


MIL-C-45662 Calibration System 
Requirements 

MIL-M-38510 General Specification for Micro- 
circuits 

MIL-M-55565 Packaging of Microcircuits 

MIL-Q-9858 . Quality System Requirement 

MIL-STD-105 Sampling Procedures and Tables 
for Inspection by Attributes 

MIL-STD-883 Test Methods and Procedures for 
Microelectronics 

MIL-STD-976 Certification Requirements for 
JAN Microcircuits 

MIL-STD-1331 Microelectronics Terms and Defi- 
nitions 


5.0 Package Options, Features 
5.1. Ceramic (no suffix) 


50y inches goid piating on external leads and die cavity, 
gold eutectic die attach. 


5.2 Tin-Plated Ceramic (Suffix ““TC’’) 


Over 200 inches tin plating on external leads, gold on 
die cavity, gold eutectic die attach. 


5.3 Cerdip (Suffix “CD”) — 

Meets MIL-STD-883 internal moisture content reauire- 
ments of Method 5005. Substrate connections are made 
through jumper chips, gold eutectic die attach. 


5.4 Plastic (Suffix “P’’) 


The plastic used is a B-type epoxy or an approved 
advanced type having better resistance to a humid envi- 
ronment. Gold eutectic die attach and gold bond wires 


are used. Lead material is MIL-M-38510 para 3.5.6 type 
B (42 Alloy) with a solder lead finish. 
6.0 Screening Options 

6.1 High-Reliability Screening 

The routing is as defined in MIL-STD-883 Method 5004 
for Class B product. Periodic Quality Conformance data 
(para. 10.2) is taken on generically similar parts. Asam- 
ple flow chart for ceramic product is given on page 6. 
6.1.1 Internal Visual . 

Both Die and Preseal Visual inspections are to the cri- 
teria of Method 2010, Condition B of MIL-STD-883. An 
AQL audit is performed on each lot by Quality Control. 
6.1.2. Stabilization Bake 

All parts are placed in 150°C storage for 24 hours per 
Method 1008, Condition C of MIL-STD-883. 

6.1.3. Temperature Cycling 

All parts are subjected to 10 cycles of — 65°C to + 150°C 
per Method 1010, Condition C of MIL-STD-883. 

6.1.4 Constant Acceleration 

All parts are subjected to a 30,000 g force in the Y1 ori- 
entation per Method 2001, Condition E. 
6.1.5 Seal 

Hermeticity testing is performed to conditions A and C 
of MIL-STD-883 Method 1014. 

6.1.6 Pre burn-in Electrical Test 

Ordinarily this is the same as final electrical test. 

6.1.7. Burn-in 


Condition A and Condition D of MIL-STD-883, Method 
1015 are available. The stress is applied for 168 hours at 
125°C or at other temperatures according to the time- 
temperature regression. 


6.1.8 Final Electrical Test 

Verifies functional and parametric performance to the 
device specifications. 

6.1.9 Final Visual Inspection 

All parts are inspected to Method 2009 of MIL-STD-883. 


6.2 Standard Screening 


Standard Screening is designed for the industrial-com- 
mercial customer and is available in all package types. 
For hermetic packages, temperature cycling, centrifuge 
and hermeticity are specified as well as die, preseal, and 
final visual inspection. 


6.2.1. Standard Die and Preseal Visual Inspections 
(AC-04, AC-08) 

These inspections were developed from Method 2010 of 
MIL-STD-883. The Haag Criteria are specific to SMC’s 
pMOS and nMOS COPLAMOS® technologies. 

6.2.2 Temperature Cycling (AC-15, AD-13) 


Temperature cycling is performed to the MIL-STD-883, 
equivalent of Method 1010, Condition C, — 65°C/ + 150°C, 
ten cycles. 

6.2.3 Constant Acceleration (centrifuge) (AC-16, AD-14) 


‘Constant Acceleration is performed to the MIL-STD-883, 
equivalent of Method 2001, Condition E, 30,000 g in the 
Y1 orientation. 

6.2.4 Hermeticity (AC-11, AD-15) 


Includes fine and gross leak testing to SMC equivalent 
of MIL-STD-883 Method 1014 Conditions A and C. 
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6.2.5 Final Electrical Test 

Verifies functional and parametric performance to the 
device specifications. 

6.3 Custom Screening 


Certain applications require special screening which can 
be arranged upon request. 


7.0 Electrical Test 
7.1 Probe and Final Test 


SMC test programs are developed by the Test Engi- 
neering Department and verified by device characteri- 
zation. An approval procedure is required for the transfer 
of a new test program or a revised test program from 
engineering to production. 


7.2 Characterization/correlation 


Characterization of parts and correlation of test results 
with customer incoming testing performed on SMC test 
equipment, including Megatest and Sentry™ test sys- 
tems. 


7.3 Product Engineering 


SMC product engineers characterize parts to improve 
processing target parameters and test correlation with 
customers. © 


8.0 Purchased Material 


Ail manufacturing materials are purchased from quali- 
fied vendors to SMC procurement specification. 


9.0 Quality Control 

The Quality Control Department reports at the same level 
as the manufacturing, test and process engineering 
departments. QC is responsible for incoming inspec- 
tion, in-process audits, out-going inspection, document 
control, processing returned material and certification of 
compliance to specification. 


9.1 incoming Inspection 

Inspectors verify critical parameters on all material used 
in manufacturing. The department maintains an approved 
vendor list and interfaces directly with vendor QC 
departments. 

9.2 In-process Audits 

QC performs an on-going monitoring of wafer process- 
ing, test and assembly functions. 

9.3 Outgoing Inspection 

QC inspectors verify proper documentation and perform 
an extemal mechanical/visual inspection on each lot prior 
to shipment. ; 

9.4 Document Control 


All procedures for design, wafer processing, assembly, 
quality control and quality assurance are maintained by 
document control. 

9.5 Returned Material Processing 


Returned material, whether for device performance or 
clerical reasons, is processed through visual and elec- 
trical testing. 

9.6 Certificates of Compliance 


Certificates of Compliance are available for specified 
screening and/or for products ordered under a customer 
part number/specification. 


10.0 Quality Assurance 
The Quality Assurance Department is the customer's 
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representative and is independent of the product line and 
manufacturing organizations. Quality Assurance is 
responsible for reliability assessment of new and exist- 
ing processes, material analysis, failure analysis, and 
development of evaluation methods. 


10.1 Process Qualification 


All new processes and process revisions must equal or 
exceed the reliability of existing processes on applicable 
sections of the SMC Quality Conformance Test. 


10.2 Quality Conformance Test 


Samples of finished product are tested periodically to the 
criteria of QA-01 (see table 2). This test sequence pro- 
vides historical data which is also used for qualification 
of new products and processes. The various subgroups 
contain tests referenced in Method 5005 of MIL-STD-883 
as well as tests designed around industry requirements 
not yet incorporated in military standards. 


10.3 Analysis 

10.3.1. The analytical facilities include a scanning 
electron microscope (SEM), an infrared microscope, 
optical microscopes, an X-ray unit and electronic test 
instruments. 


10.3.2 Scanning electron microscopy is used in the 
periodic evaluation of workmanship in wafer processing 
and assembly, to support engineering efforts at process 
development and improvement, and in failure analysis. 


10.3.3 Failure Analysis is performed upon request by 
sales, marketing or manufacturing organizations and is 
also performed on reliability test failures. The failure 
analysis procedures support the development of new 
product, process improvements, and the evaluation of 
screening methods. 


10.3.4 Material analysis is performed on layers of the 
integrated circuit and on packaging to support the engi- 
neering development. This characterization is per- 
formed on in-house facilities. Independent outside 
analytical laboratories are used to supplement SMC 
facilities if and when required. 


11.0 Lot Traceability 


SMC maintains full lot traceability on all product types in 
all packaging options (including plastic). The informa- 
tion available includes: 


11.1 Wafer Processing Records 


Sign-off and date on ail operations, critical measure- 
ments and inspection records. 


a a Ne RS a a a a eae ae 
| ‘TABLE 1 
WAFER LOT ACCEPTANCE 


TEST LIMIT SAMPLING PLAN 
wafer minimum thickness 0.010 in. exceeds MIL-M-38510 LTPD = 10 (Incoming) 


thickness minimum of .006 in. 




















"metallization 17,500 A + 2,500A one wafer per metallization run 
thickness 
stability A Vrs = 0.5 volts 














device V,, enhancement, depletion as applicable 


test piece each tube change, each 
week, and each wafer lot 























parameters ; K' enhancement, depletion as applicable 
ps polysilicon each wafer 
ps mesa (n*) 
dielectric strength (BV.,) 
n+ diode breakdown (BV, +) 
Mil-Std 883 Method 2018 each week on each process 
Glassivation 3,000 A minimum Silicon Nitride one test piece per deposition run 
5,000 A minimum Silicon Dioxide 
BI 
DATE CODE INTERPRETATION 
DEVICE TYPE | 
82. ,41 
| DATE GODE 






TOP MARKING 


a PIN 1 SMC 


the last two digits of the number of year el | 


the calendar week of the year ———— | 
wafer lot identification suffix 


ASSEMBLY LOCATION 


(IF OTHER THAN U.S.A.) 





BOTTOM MARKING 
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11.2 Wafer Lot Acceptance (Mapping) 11.3 Wafer Probe and Final Test Data 


(see table 1) These are correlated with mapping results to develop 
Device parameters are recorded using a precision par- optimized process targets and yield improvement. 
ametric interface to a Digital Equipment Corporation PDP 

11/23 computer. The data base at wafer map includes 11.4 Assembly Records 

probe, final test and wafer processing records (run Inspection results and screening throughput is recorded 
sheets). with date and sign-off for each lot. 





TABLE 2—QA-01 QUALITY CONFORMANCE 





GROUP B TESTS 
Mil Std Quantity/ 
SMC Test 883 pa po: or 
Test Method Method Condition 

Subgroup 1 

Physical dimensions QC-22 2016 2 devices every package 

(no failures) 

Subgroup 2 

Resistance to solvents QC-21 2015 Marking Permanence 4 devices every 

: (no failures) shipment 





















































































Subgroup 3 
Solderability Soldering temperature of 15 | periodic 
260 + 10°C conformance 
Subgroup 4 
Internal visual and 2014 Failure criteria from design 1 device periodic 
mechanical and construction (no failures) conformance 
requirements of applicable 
procurement document 
Subgroup 5 
Bond strength QC-12 2011 15 periodic 
(1) Thermocompression (1) TestconditionCorD | conformance 
(2)Ultrasonic or wedge (2) Test condition C or D 
Die shear strength 
Subgroup 6 
Internal water-vapor 5,000 ppm maximum water 3 devices periodic 
content content at 100°C (no failures) or conformance 
5 devices 
(1 failure) 
Subgroup 7 
Seal As applicable periodic 
(a) Fine conformance 


(b) Gross 
Subgroup 8 


















Electrical parameters Group A, subgroup 1 new device 
Electrostatic discharge 3015 Test condition A or B types 
sensitivity 

Electrical parameters Group A, subgroup 1 





GROUP C TESTS—DIE RELATED 


Mil Lig Quantity/ 
SMC Test acorn or Package 
Test Method Method Type 


Subgroup 1 


Sanya state life test QA-02 Test condition to be 
ml (1,000 hours at 
125° 





End-point electrical Final test As specified in the 
parameters applicable device 
specification 
Subgroup 2 
Temperature cycling | Test condition C all 
Constant acceleration Test condition E min. | hermetic 
Y, orientation only | 


Seal As applicable 
(a) Fine 

(b) Gross 

Visual examination 
End-point electrical Final test As specified in the 
parameters applicable device 
specification 

















GROUP D—PACKAGE RELATED 




















































































Mil Aone Quantity/ 
SMC Test accept no. or Package 
Test oe Method Condition LTPD Type 
Subgroup 1 
Separonet sical dimensions QC-22 2016 all | 
Subgroup 2 | 
Lead integrity Test condition B2 (lead 15 all 
fatigue 
Seal As applicable all | 
(a) Fine hermetic | 
(b) Gross us | 
Lid torque - 2024 As applicabie cerdip onl 
Subgroup 3 
Thermal shock 1011 Test condition B, 15 cycles 15 , all 
Temperature cycling 1010 ihe condition C, 100 hermetic* 
cycles 
Moisture resistance QA-03 1004 
Seal 1014 As applicable 
tb) Fine 
(b) Gross 
Visual examination — Per visual criteria of 
Method 1004 and 1010 
End-point electrical As specified in the 
parameters applicable device 
specification 
Subgroup 4 
Mechanical shock 2002 Test condition B minimum 15 all 
Vibration, variable 2007 Test condition A minimum hermetic 
frequency | 
Constant acceleration 2001 Test condition E minimum, | 
Y, orientation 
Seal } 1014 As applicable 
(a) Fine | 
(b) Gross 
Visual examination 
End-point electrical As specified in the 
parameters applicable device 
specification 
Subgroup 5 
Salt atmosphere 1009 Test condition A minimum 15 all 
Seal 1014 As applicable hermetic* 
(a) Fine | | 
(b) Gross { | | 
Visual examination | Per visual criteria of | 
| Method 1009 
Subgroup 6 
| internal water-vapor | 1018 | 5,000 ppm maximum water 3 devices | all | 
content content at 100°C (no failures) hermetic 
or 5 devices a) © 
(1 failure 
Subgroup 7 
Adhesion of lead finish 
Subgroup 8 

















Humid Environment QA-04 1000 hours 85°C/85% 15 plastic 
| Relative Humidity | | | 
End-point electrical Final test 
| parameters | | | 
Subgroup 9 
| Autoclave (Pressure | QA-05 | | 24 hours at 2 atm 121°C | 15 | plastic | 
Cooker) 
End-point electrical Final test 
arameters 





“packages having gold plating thicknesses of 50 microinches or less are not required to pass subgroups 3 and 5. 
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CERAMIC ON ALL HERMETIC PACKAGES* 
WAFER LOT ACCEPTANCE WAFER LOT ACCEPTANCE 
WAFER PROBE WAFER PROBE 
AC-01 SAW AC-01 SAW 


AC-02 BREAK AC-02 BREAK 


=z 
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ee 
i=) 
td 
(7) 





AC-03 DIE PLATE AC-03 DIE PLATE 


AC-04 STD DIE VISUAL DIE VISUAL 


METHOD 2010 COND. B 


QC-09 DICE INSPECTION AUDIT 
QC DIE VISUAL AUDIT 


AC-05 DIE ATTACH METHOD 2010 COND. B 


AC-05 DIE ATTACH 


’ AC-13 DIE SHEAR AUDIT 
METHOD 2019 


AC-06-AL WIRE BOND | AC-07-AU WIRE BOND DIE SHEAR STRENGTH 
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AC-14 BOND STRENGTH AUDIT 


AC-08 PRE-SEAL VISUAL INSP METHOD 2011 BOND STRENGTH 


QC-09 PRE-SEAL AUDIT PRE-SEAL VISUAL 


METHOD 2010 COND. B 


AC-09 SEAL 


PRE-SEAL VISUAL AUDIT 


AC-10 MARK METHOD 2010 . COND. B 


AC-15 TEMP CYCLE —65/+ 150°C 10 CY AC-09 SEAL 


AC-16 CONST ACCEL Y1-30,000 G AC-10 MARK 


AC-11 HERMETICITY METHOD 1008 STABILIZATION BAKE 


METHOD 1010 COND. C 


Ae 12 THM TEMP CYCLE | 


FINAL TEST METHOD 2001 COND. E 


CONSTANT ACCELERATON 
PACK 


METHOD 1014 SEAL 


‘ QC-22 OUTGOING AUDIT (HERMETICITY) 


QUALITY ASSURANCE AUDIT AC-12 TRIM 


PRE-BURN-IN TEST 


METHOD 1015 BURN-IN 
FINAL TEST 
PACK 


METHOD 2009 
EXTERNAL VISUAL 


QC-22 OUTGOING AUDIT 


Amen stat F : QUALITY ASSURANCE AUDIT 
*This High Reliability flow chart applies to ceramic product. | QUALITY ASSURANCE AUDIT | 


Similar flow charts exist for cerdip and TC packaging. All 
ACXX, QCXX procedures are under SMC Document Control. 
Ail Method XXXX procedures are MIL-STD-883 Test Methods. 
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PLASTIC (NOTE 1) CERDIP 


WAFER LOT ACCEPTANCE 


WAFER LOT ACCEPTANCE 


WAFER PROBE WAFER PROBE 





SAW/BREAK AD-01 SAW 


DIE PLATE AD-02 BREAK 





SECOND OPTICAL DIE VISUAL AD-03 DIE PLATE 


DIE VISUAL AUDIT AD-04 STANDARD DIE VISUAL 


DIE ATTACH QC-09 DICE INSPECTION AUDIT 


AD-05 DIE ATTACH 
AD-07 WIRE BOND 
THIRD OPTICAL PRE-SEAL VISUAL 


PRE-SEAL AUDIT 


AD-09 PRE-SEAL VISUAL INSPECTION 
MOLD QC-08 PRE-SEAL AUDIT 
BACK-SIDE MARK AD-10 PRE-BAKE 
TRIM/FORM AD-11 SEAL - 


SOLDER DIP AD-12 MARK 


MARK PS-10 TIN PLATE 


OPEN/SHORT TEST 


EXTERNAL VISUAL QC-15 SOLDERABILITY AUDIT 


AD-13 TEMP CYCLE 


PS-10 VISUAL INSPECTION 


MECHANICAL/VISUAL 
MARKING PERMANENCE 
AD-14 CONST ACCELERATION 


FINAL ELECTRICAL TEST 


AD-15 HERMETICITY 


PACK 
AD-16 TRIM 


QC 22 OUTGOING QC AUDIT 


QUALITY ASSURANCE AUDIT 


FINAL ELECTRICAL TEST 


PACK 





: 


QC-22 OUTGOING QC AUDIT 





QUALITY ASSURANCE AUDIT 






Note 1—Plastic assembly is sub-contracted. Assembly 
operations are controlled by SMC approved 
sub-contractor specifications. 

24 


IBMSe74 
a epeelvery 
ap Transmitter : 





| Universal Sync 


Receiver. 


_ data dit, 1, 134, 
‘Universal Async 
Transmitter Full 
A, 2 stop bit - 
IBM 3274 Compatib. 
ansmitter 





25 


26 


STANDARD MICROSYSTEMS 
———— 






COM 1553A 


[LPC FAMILY 


MIL-STD-1553A “SMART”” 


FEATURES 


C) Support of MIL-STD-1553A 
LC] Operates as a: Remote Terminal Responding 
Bus Controller Initiating 

() Performs Parallel to Serial Conversion when 
Transmitting 

C) Performs Serial to Parallel Conversion when 
Receiving 

1) Compatible with HD-15531 Manchester Encoder/ 
Decoder 

CL) All Inputs and Outputs are TTL Compatible 

0 Single +5 Volt Supply 

CL) COPLAMOS® N Channel MOS Technology 

C) Available in PC Board Form from Grumman 
Aerospace Corporation 


PIN CONFIGURATION 


“0” MSG FLG 
“O° WRD FLG 
IVWE 
DTA AVL 
RCVINT 
TX INT 
CMD SYN 
DTASYN 33 ADS 
RCVNRZ 9 32 RDE 
SWE 10 31 D7 
POR 11 30 D6 
1A 12 29 DS 
RCV CLK 13 28 D4 
Vw 14 27 D3 
SEND DATA 15 26 D2 
DTARQST 16 2501 
MSG COMPLT 17 24 D8 
TX ENA 18 23 TDE 
TX CLK 19 22 TX MODE 
XMIT NRZ 20 21BC 


40 GND 
39 BDCST 
38 Voc 
37 AD1 
36 AD2 
35 AD3 
34 AD4 


OnNOohk WOH = 


PACKAGE: 40-pin D.LP. 





GENERAL DESCRIPTION 


The COM 1553A SMART® (Synchronous Mode Avionics 
Receiver/Transmitter) is a special purpose COPLAMOS 
N-Channel MOS/LSI device designed to provide the 
interface between a parallel 8-bit bus and a MIL-STD- 
1553A serial bit stream. 


The COM 1553A is a double buffered serial/parallel and 
parallel/serial converter providing all of the “hand 
shaking” required between a Manchester decoder/ 
encoder and a microprocessor as well as the protocol] 
handling for both a MIL-STD-1553 bus controller and 
remote terminal. 


The COM 1553A performs the following functions in 
response to a 16 bit Command Word. It provides address 
detection for the first five bits of the serial data input. 
If all 1's appear in the address field, a broadcast signal 
is generated. The sixth bit is decoded as mode: transmit 
or receive. The next five bits are decoded for zero 
message flag and special flags in the subaddress/mode 
field. The last five bits (word-count field) are decoded 
determining the number of words to be received or 
transmitted. 


When receiving data sync the COM 1553A performs a 
serial to parallel conversion, buffers the 16 bit message 


word, and formats it into two parallel (8 bit) bytes for 
presentation to the I/O bus under processor or hard 
wired logic control. 


In the transmit mode the COM 1553A takes two parallel 
8 bit data words from the I/O bus and serially transmits 
the resultant 16 bit word to the Manchester encoder. 
This is done under the control of Send Data. To facilitate 
data transfer the COM 1553A provides all necessary 
buffering and storage for transmitted and received data. 
It also provides all necessary hand shaking, control 
flags and interrupts to a processor or hard wired logic 
terminal. See block diagram 1. 

The COM 1553A can be set up as either a remote termi- 
nal or a bus controller interface. 

The COM 1553A is compatible with Harris’ HD-15531 
CMOS Manchester Encoder-Decoder chip and inter- 
faces directly with it. A 3 device kit consisting of: SMC’s 
COM 1553A, Harris’ HD-15531 and Circuit Technology's 
CT1231 forms a complete system interface for the 
message structure of MIL-STD-1553A. See block 
diagram 2. 

Note: All terminology utilized in this data sheet is 
consistent with MIL-STD-1553. 
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BLOCK DIAGRAM 1 


MSG CMPLT 
INV WORD 
FLG 
RCV CLK 
RCV NRZ 




















AD1 
ADDRESS 
AD5 
CMD SYNC e 
DATA SYNC = 
VALID WORD —= rs 
TX ENABLE Dd Eg 
SEND DATA CONTROL ‘ ty 
DATA REQ Ee 
DATA AVAIL =tp7) 348 
RCV INTERRUPT e 
fee) 
eee eee 
i | teeiTTxsR 








CONTROLLER 


a C DATA S/R 
REC DATA BUFFER 
XMIT NRZ 
TX CLK 
i 


COMMAND SYNC 
HARRIS 
HD 15531 LDATA SYNC 


ENCODER’ | RCV NRZ 
DECODER RCV CLK 

































“0 MESSAGE FLG 
“O° WORD FLG 
INVALID WORD FLG 
MESSAGE COMPLETE 
BROADCAST 
DATA REQUEST 
DATA AVAIL 
RCV INTERRUPT | 
TX INTERRUPT > 

READ DATA ENBL 

TAKE Data ENBL 

STATUS WD ENBL 

INTERRUPT ACK 


CA MY 














he PROCESSOR 


INTERFACE 
















1553A DATA BUS 


IRIS 


COM1553A 











at 


TX ENABLE 
SEND DATA 


HAND 
SHAKES 









ST 


{ 
| 
| 
| 
| 
Spa tee SMC 
| 
| 
| 
| 
{ 








MANCHI 








ha POR 
AD1-AD5 
BLOCK DIAGRAM 2 TERMINAL 


ADDRESS 
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DESCRIPTION OF PIN FUNCTIONS 






“O@” MESSAGE FLAG The ZERO MESSAGE FLAG outputis set when the 7th 
through 11th bits of the NRZ serial input data in a command 


envelope (see figure 1) are zero. @MF is an open drain output. 









The ZERO WORD FLAG outputis set when the 12ththrough 
16th bits of the NRZ serial input data ina command envelope (see 
figure 1) are zero. @WF is an open drain output. 





“6” WORD FLAG 





















INVALID WORD 
FLAG 


-The INVALID WORD FLAG output is set when the word just 
received has an invalid parity bit or invalid format. |VWF is an open 
drain output. 


DATA AVAILABLE DATA AVAILABLE is set when a word received is ready to be read. 
When the COM 1553A is the bus controller, DTA AVL occurs on 
command, status or data words. When the COM 1553A is a remote 
terminal, DTA AVL is set only on data words. DTA AVL is an open 

drain output. 









RECEIVE INTERRUPT 





RECEIVE INTERRUPT is set to zero when the 6th bit following a 
command sync is azeroand thefirst5 bits match AD1-ADS5. RCV INT 
is reset to one by IA or POR, or if the line is not active for 32 

receive clocks. 













TRANSMIT INTERRUPT 


7 COMMAND SYNC CMD SYN 


eI DATA SYNC DTA. SYN 
pa RECEIVER NRZ RCV NRZ 


STATUS WORD 
ENABLE 


TRANSMIT INTERRUPT is set to zero when the 6th bit following a 
command sync is a one, and thefirst5 bits match AD1-ADS. TXINTis 
reset to one by IA or POR. 


















COMMAND SYNC is an input from the Manchester decoder and 
must be high for 16 receive clocks enveloping the receive NRZ data 
of acommand word. 


DATA SYNC is an input from the Manchester decoder and must be 
high for 16 receive clocks enveloping the receive NRZ data of a 
data word. 








Receiver serial input from Manchester decoder. Data must be stable 
during the rising edge of the receive clock. 














SWE is the output enable for the following open drain outputs: 


DTA AVL 
DTA RQ 
MSG CPLT 


POWER ON RESET RESET. Active low for reset. 


TA resets TX INT, REC INT, @MF, GBWF and BRD CST. 1A may occur 
between the trailing edges of receive clocks 6 and 10, orbetween the 
leading edge of receive clock 12 and the falling edge of receive clock 
15, or after the falling edge of clock 17. 


13 RECEIVE CLOCK RCV CLK | The RECEIVE CLOCK is synchronous with the Receiver NRZ input 
during the command sync or data sync envelopes. 

14 VALID WORD VW This input is driven by the VALID WORD output of the Manchester 
Decoder. VW should occur immediately after the rise of the first 
RCV CLK following the fall DATA SYNC or COMMAND SYNC. 





POWER ON RESET 


12 INTERRUPT ACKNOWLEDGE 





= 
4 
ra 
(a) 
aul 
[“e) 





DESCRIPTION OF PIN FUNCTIONS 


SEND DATA SEND DATA is a “handshake” signal received from the Manchester 
encoder indicating that the encoder is ready for the COM 1553A to 
transmit data. SD will bracket 16 transmit data clocks. The contents 
of the transmitter buffer will be transferred into the transmit register 
when SD is low. 


16 DATA REQUEST DTA RQST ; DATA REQUEST is an open drain output which is set high when 
the transmitter holding register is ready to accept more data. 


MESSAGE COMPLETE MSG CMPLT | Inthe receive mode the MESSAGE COMPLETE output is set low 
when the appropriate number of data words have been received. In 
the transmit mode, MSG CMPLT indicates that the appropriate 
number of command, status or data words have been transmitted. 
When the COM 15534 is a bus controller, MSG CMPLT will be 
asserted low when 33 command status or data words have been 
transmitted. MSG CMPLLT is an open drain output. 


18 “TRANSMIT ENABLE TXENA A TRANSMIT ENABLE signal will be sent to the Manchester 
Encoder to initiate transmission of a word. TXENA is generated 
under the following conditions: 
1) COM 1553A isa bus controller: A TXMODE pulse will set TXENA. 
Asecond TXMODE pulse will reset TXENA. 
2) COM 1553A is a remote terminal. A Transmit Command from the 
Controller will cause a TRANSMIT INTERRUPT (see pin 6). When 
this is acknowledged by a TXMODE pulse from the system, TXENA 
will be set. 
TXENA will then be reset by either 

A) Send Data Command associated with the last data word. 

B) asecond TXMODE pulse. 
3) COM 1553A is a remote terminal. The falling edge of a DATA 
SYNC associated with the last data word of a message while in the 
receive mode. TXENA will be reset during the next SEND DATA 








envelope. 
TRANSMIT CLOCK TXCLK | Transmitter shift clock. 
TRANSMIT NRZ XMIT NRZ Serial data output to the Manchester Encoder. 


BUS CONTROLLER BC 3C determines whether the COM 15534 is acting as bus controller 
(BC = 0) or as a remote terminal (BC = 1). 
EP TRANSMIT MODE TXMODE TXMODE is a system input controlling transmission. See TXENA 
(pin 18). 


TAKE DATA ENABLE TDE is an input from the system initiating transmission. Two TDE 
pulses are required for each 16 bit data word, one for each 8 data 
bits placed on D@-D7. 


24-31 | DATA BUS D@-D7 Bidirectional 8 bit Data Bus to the system. D@ is the LSB. D@-D7 
present open drain outputs. 


| 32 | READ DATA ENABLE DE RDE is an input from the system instructing the COM 1553A to place 
| | the received data onto D@-D7. Two RDE pulses are required per 16 
| bit data word, one for each 6 bits. 

























AD1-ADS5 provide addressing to the COM 1553A. Each input has a 
pull-up resister allowing simple switching to ground to select the 
user address. 














+5 Volt supply. 








| POWER SUPPLY SUPPLY 
BDCST is set low when a “broadcast” command word (the address 


poe es 
bits all set to “one”) is being received. BDCST is reset by IA. 
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OPERATION...RECEIVE. MODE 


The COM 1553A is considered in the receive mode when 
TXENA = 0. The most significant bit of both command 
and data words is received first. 


Message reception is initiated when CMD SYN goes 
high. The next. 16 receive clocks are used to shift serial 
data into RCV NRZ. 


The first 5 bits of a command word designate a remote 
terminal address. These 5 bits are compared with AD1-5. 
Should the address bits compare, the sixth bit is 
examined. If it is a zero, a RECEIVE INTERRUPT is gen- 
erated. lf it is acone, a TRANSMIT INTERRUPT is 
generated. 


Bit fields 7-11 and 12-16 are examined for all zeros. All 
zeros in bit field 7-11 denotes a “ZERO MESSAGE” and all 
zeros in bit field 12-16 denotes a “ZERO WORD.” 


Receipt of a data word is indicated when DTA SYN 
goes high. 


When DTA SYN or CMD SYN goes low, the contents of 
the 16 bit receive register are loaded into the receive 
buffer. The buffer is organized into two groups of 8 bits 
each. The most significant 8 bits (byte 1) will be enabled 
onto the 8 bit data bus on receipt of the first RDE pulse 
(RDET). The second byte will be enabled on receipt 
of the second RDE pulse (RDE2). 


A DATA AVAILABLE is generated for data words only. 
However, data will be available on D@-D7 for both com- 
mand and data words. 


If 32 clocks are received after the rising edge of CMD 


‘SYN or DTA SYN an “Idle Line Reset” condition exists. 


This implies that a new CMD SYN or DTA SYN has not 
yet been received within 16 clocks of the fall of the 
previous sync signal. The “idle Line Reset’ will reset the 
following signals: ; 


“0” MSG FLG 





REC INT 
TX INT “0” WRD FLG 
BRD CST 


When the commanded number of data words have been 
received, a MESSAGE COMPLETE signal is generated. 


As the transmitter and receiver registers operate 
independently, the COM 1553A will receive its own 
transmission. The following signals are inhibited ounng 
transmission: 


BC =0 BC =1 
REC INT DAT AVL 
XMT INT IVWF 
BRD CST REC INT 
OWF XMT INT 
OMF OMG 
JAM MESSAGE ERROR* @QWF 

BRD CST 


JAM MESSAGE ERROR* 


*JAM MESSAGE ERROR is an internal signal. See 
OPERATION... TRANSMIT MODE. 


Sn A ep ESP EPA SS STS 
OPERATION... TRANSMIT MODE 


The COM 1553A is considered in the transmit mode 
when TXENA = 1. This is caused by a TXMODE pulse 
(see description of pin functions, pin 18). The TXMODE 
pulse in turn is a system response to a transmit 
command from the receiver. 


When the Manchester Encoder receives TXENA = 1, it 
will respond with SEND DATA = 1. The COM 1553A will 
then send the system a DATA REQUEST. 


Data is loaded into the transmitter data buffer from the 
8 bit data bus by pulsing TDE. The 8 most significant 
bits are loaded in by the first TDE pulse (TDE1), the 8 
least significant bits by the second TDE pulse (TDE2). 


When SEND DATA (pin 15) is low, the transmitter shift 
register inputs will follow either the transmit buffer 
output, JAM ADDRESS or JAM MESSAGE ERROR sig- 
nals. When SEND DATA is high, the shift register parallel 
inputs are disabled and the shift register contents are 
shifted out in NRZ form using the 16 negative edges in 
the send data envelope. 


To facilitate transmission of the status word from a 
remote terminal, the COM 1553A will “jam” the first 
(most significant) 6 bits of the status word into the 
transmit register when BC is high. These bits will 


automatically be sent at the first SEND DATA pulse. In. 


general for MIL-STD-1553A the remaining 10 bits will 
normally be all zeros and will automatically be sent out 
as such. If it is desired to send additional status 
information (for MIL-STD-1553B), a TDE1 pulse wili load 
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the least significant 2 bits of the first 8 bit byte, and a 
TDE2 will load all 8 bits of the second-byte. Note that 
these TDE pulses must be sent (and data presented) 
before the first SD = 1 response from the Manchester 
Encoder. 

A JAM ADDRESS occurs when 1) a transmit command 
is addressed to the COM 1553A 2) A TXMODE pulse is 
received and 3) a valid word signal is received. Upon a 
JAM ADDRESS the COM 1553A will load its address into 
the first 5 bits of the transmit register. 

Alternatively, a JAM ADDRESS will also occur at the 
fall of the last data sync after valid receive command 
has been detected. 

The JAM ADDRESS function will be inhibited if a “O” 
word and “0” message condition exists in the command 
word. The JAM ADDRESS will be reset by the leading 





edge of SEND DATA. 


The JAM MESSAGE ERROR function occurs when, in 
the receive mode, a data word is not followed by a 
VALID WORD signal. JAM MESSAGE ERROR consists 
of loading a one in the sixth bit location of the transmit 
shift register (the message error location). 


JAM MESSAGE ERROR is inhibited when the transmit 


“command word contains “OQ” Message and “0” Word 


fields. 


When the commanded number of data words has been 
transmitted a MESSAGE COMPLETE signal will be 
generated. 
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GENERAL OPERATION NOTES 


1. BUS CONTROLLER. When BC = 0, signifying that the COM 15534 is the bus controller the following is true: 
A. DTA AVL is generated on the rising edge of the 17th receive clock following a Command Sync or Data Syne. This 
allows the bus controller to receive command, status or data words regardless of their address. 
B. TXENA is contingent only on TXMODE. A bus controller can therefore transmit whenever it desires. 
C. The jam functions are inhibited. 


2. INVALID WORD FLAG. When BC = 0, IVWF will be set if the Valid Word input (from the Manchester decorder) does 
not go high following receipt of ali words. This includes words received from the same device's transmitter. (This 
provides a validity test of the controller transmission). 

When BC = 1, IVWF will be set if Valid Word does not go high following receipt of all command and address words 
addressed to the terminal. 


IVWF will be set for the following conditions: 





Message type Word Terminal is IVWF generated 
Transit Group Transmit command receiving yes 
Status word transmitting no 
Data word transmitting no 
Receive Group Receive command receiving yes 
Data word receiving yes 
Status word transmitting no 
Receive/Transmit Receive command receiving yes 
Group (this Transmit command receiving no 
terminal addressed Status word receiving no 
to receive) Data word receiving yes 
Status word transmitting no 
Receive/Transmit Receive command receiving no 
group (this terminal . Transmit command receiving yes 
addressed to Status word transmitting no 
transmit) Data word transmitting no 
Status word receiving no 


3. POWER ON RESET. During power-up, POR is a low to high exponentiai with a minimum low time, after the 
supply is within specified limits, of 10 microseconds. POR may also occur asynchronously anytime after power 
has stabilized. 


POR initializes the following outputs: 


OMG REC INT TDE 
OWF MSG CMPLT DTA AVL 
BRD CST IVW. TXENA 
XMT INT RDE DTA RQ 


The following circuit may be used to implement POR. 


Vee TO OTHER SYSTEMS 


10K 
POR 
2mid 


; TRIGGER 
TAXX 


1N914 or equiv. 
4, WORD COUNT: Word countis decoded as follows: 
D1 D2 D3 D4 D5 Word Count 
0 0 00 1 1 
0 0 0 1 0 2. 
114 74 «41 31 
0 0 00 0 32 


TRANSMIT TIMING FIGURE 1 
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MAXIMUM GUARANTEED RATINGS* 


Operating ‘Temperature Range: «..6.6s diicices laws andes eeaee dete bese wes seeaeaeeutene -55°C to +125°C 
Storage Temperature Range is. osc: Se ew ine ia eee eels pa. NG OWEN ESSN OSE See e ew ere -55°C to +150°C 
Lead Temperature:(soldering;. 10: SOC.) si. esse ant cree cede aeed joad ch ae ew ise bad oOo sa weees . +325°C 
Positive Voltage on any Pin, with respect to ground .......... 0. ccc cc cee eee cece eee tee ee eneeenes +8.0V 


Negative Voltage on any Pin, with respect to ground 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes 
or “glitches” on their outputs when the AC power is switched on and off. In addition, voltage transients on the 
AC power line may appear on the DC output. If this possibility exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta = -55°C to 125°C, Vec = +5 +5%, unless otherwise noted) 


PARAMETER | MIN | TYP | MAX | UNIT) COMMENTS 


DC CHARACTERISTICS 
Input Voltage Levels 


Low Level, Vit 0.8 V 
High Level, Vin 3.0 V 
Output Voltage Levels 
Low Level Vou 0.4 V {lor = -1.6 mA, except open drain 
High Level Von 3.0 4.0 V_ lon = 100 pA, except open drain 
Low Level Vor 0.4 V|lot = -1.6 mA, open drain output 
Output Leakage, Ito 10 HA 
Input Current, AD1-AD5 60 UA |Vin = OV 
Output Capacitance 5 10 | pf 
Input Capacitance 10 25 pf 
Power Dissipation 500 mW 
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AC CHARACTERISTICS 


Clock Frequency 
Clock Duty Cycle 


Rise and fall times, IA, T 
TX MODE, SWE, RDE 


rise and fall times, all 


receiver clock-NRZ 

receiver clock-sync deiay 
receiver clock-VW delay 

VW reset delay 

transmit clock-TX ENA delay 
TX ENA pulse width 

transmit clock-send data set-up 
transmit clock-send data hold time 
transmit clock fall to NRZ 
transmit clock rise to NRZ 

TX MODE pulse width 

TX MODE to TX ENA delay 
VALID word to TX ENA delay 
Data sync to TX ENA delay 

TX ENA réset delay 

DATA SET-up time 

TDE pulse width 

Data Hold time 


DTA RQST Delay 
Output Enable time 
RDE Pulse width 
receive cycle time 
Flag delay time 
Output disable time 
SEND DATA delay 





Status word Enable 
Status word Disable 
Flag delay time 

VW delay time 

IVWF delay time 

DTA AVL delay time 
DTA RQST delay time 
BRD CST deiay time 
BRD CST pulse width 
flag reset delay 
interrupt deiay 
iA pulse width 
interrupt puise v 
Flag reset time 
DTA AVL reset delay 

IVWF reset delay 

MSG CMPLT turn-on delay 
MSG CMPLT turn-on delay 


tas 
tew 
tip 

iri 

tia 

ter 
tro 
trv 
tur 
tur 


25 
60 


95 
150 


100 





Tevet [wn [re [| wax 


100 
500 


40 
140 


750 
750 
750 
750 


450 


750 
1.5 
1.5 


ns 


ns 


us 


UNIT| COMMENTS 


figure 3B 
figure 3B 
figure 3B 
figure 3C 
figure 4A 
figure 4A 
figure 4B 
figure 4C 
figure 4B 


_ figure 4B 


figure 5A 
figure 5B 
figure 5B 
figure 5C 
figure 5C 
figure 6A 
figure 6A 
figure 6A 
figure 6A 
figure 6A 
figure 6B 
figure 6B 
figure 6B 
figure 6B 
figure 6B 
figure 6C 
figure 6C 
figure 6C 
figure 6D 
figure 6D 
figure 8A 
figure 8A 
figure 8B 
figure 8B 
figure 8B 
figure 8B 
figure 8C 
figure 8C 
figure 8D 


figure 8D, 8E 


figure 8D 
figure 8D 
figure 8D 
figure 8F 
fiaure 8F 
figure 8F 


figure 9A, 9B 
figure 9A, 9C 






RECEIVE TIMING FIGURE 2 


ne aia aaa 
CMD SYNC 
DATA SYNC | | 


[1 T_T 


RECEIVER INPUT TIMING FIGURE 3 TRANSMITTER TIMING FIGURE 4 
3A 4A 


RCV CLK as 


COMMAND’ _ _ . 
DATA SYNC 
— tes Ye CLOCK CYCLE 





RCV CLK 





, SEND DATA 
CMD.'DATA SYNC 








SEND DATA 
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SECTION III 





TRANSMIT ENABLE (TX ENA) TIMING FIGURE 5 





5A 
0A 


a 


TX ENA ewer! eee Pe 


tx) i ae 


RCV BIT 
TIMES 


*CMD SYNC 





pee I 
TX MODE, NEGATIVE TRANSITION WILL 
OCCUR IN CROSS-HATCHED AREA. | 

| 


RE OOOO LI 


| J 
| mora) RSS 
VALID WORD ga 
| ol 
TX ENA —»} tvx > tux 


LAST DATA £ ag | 
SEND 


*THIS IS A CMD WORD BEING RECEIVED, IT IS ADDRESSED TO THIS BUFFER AND THE 
T/R BIT «4. TX ENA iS RESET BY. 2ND TX M NEGATIVE TRANSITION OR BY 
LAST SEND DATA (MESSAGE COMPLETE FUNCTION). 


5c** 
geay —f f§ 
parkevie: 2 , a 
RCV BIT TIMES Gaz = i 
a 7 


TX ENA oe ey —— 
tox} >| ee tsx 


SEND DATA Hf J 


** THIS IS THE LAST DATA WORD BRING RECEIVED. THIS TERMINAL PREVIOUSLY 
HAD RECEIVED A REC CMD WORD WITH OUR ADDRESS AND A REC/XMIT BIT =0 


DURING THIS MESSAGE SEQUENCE. TX ENABLE IS SET BY MSG CMPLT 
FUNCTION AND RESET BY RECEIPT OF SEND DATA. 
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DATA BUS TIMING FIGURE 6 





BITS 67 


DTA RQST 





6A 














BITS 8-15 








DATA BUS TIMING FIGURE 6 








SEND DATA 


TDE TDE2 STATE | TDE1 STATE 
- tow nt tow 7 
NOTE: SEND DATA RISING EDGE INITIALIZES TDE TO TDE1 STATE 





6D 


IA RESETS FIGURE 7 


oe alos 1213441516171 819 110091112!13114 115 116117 1181191201 
REC CLK 


CMD SYN a 


BRD CST 


“0” MSG FLG 
“0” WRD FLG 
INVW FLG 


DTA AVL 
(DATA SYNC = 1) | 


TX INT OR REC INT | 
| 








= | | 
. ZXZA, ZzBZAA ZS 


ta 10 «12 18 7 
RISES FALLS RISES FALLS FALLS 


TA OCCURRING DURING ZONE A RESETS: BRD CST. TX INT. REC INT. 
TA OCCURRING DURING ZONE B RESETS: BRD CST. TX INT. REC INT. “0” MSG FLG. 


TA OCCURRING DURING ZONE C RESETS: BRD CST. TX INT. REC INT. “0” MSG FLG. 
“O" WRD FLG. 


SECTION 1!) 





STATUS FLAGS FIGURE 8 





8A 


8B 


8C 
8D 
| 
BE 


8F 


STATUS BITS 


REC CLK 


@ MSG FLG 


@WRD FLG 


OTA AVL 


Notes: 1. SWE = 0 


SEND DATA 


— 





fe 10 ee — 11 be 12 fae — 13 fee 14 — fe — 15 — fae — 16 te — 17 — fe 18 >] 


ter 


ter 








2. \VWE and DTA AVL reset by RDE2 or REC CLK 14 of the 
next word 


ee 
See 
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REC CLK 
BRD CST 
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FXINT, RET IN 
“J WRD FLG, 
“@ MSG FLG 
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TA 
DTA AVL 
WWE 
RDE \ | 
bento 
"ROE S 
if RDE is not used to reset [VWF and RDE, then they are 
reset by RCV CLK 14 as shown below. 
f+ 13 >} 14 —> + — 15 >} 16 > 
RCV CLK \ | \ / / \ | \ / 
DTA AVL 
(VWF 
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MESSAGE COMPLETE FIGURE 9 


BUS CONTROLLER MODE 


nt a | Reece 


MSG CMPLT 
TX MODE 


SEND DATA 


Lao] Le es 


“WORD COUNTER IS PRESET TO 33 


**MSG CMPLT SET twe MAX AFTER RISE OF 33RD SEND 
DATA PULSE 


REMOTE TERMINAL, RECEIVE COMMAND RECEIVED 
BC 


CMD SYNC | 
I 5 


RCV CLK 16 | | 
i 


| 
t 

DTA SYNC | | 
! j 


jer] tue 


J 
MSG CMPLT | | 


*WORD COUNTER PRESET TO COUNT IN COMMAND WORD 


“*MSG CMPLT GENERATED BY LAST DATA SYNC OF 
THE MESSAGE GROUP 


REMOTE TERMINAL, TRANSMIT COMMAND RECEIVED 
5 
BC 
CMD SYNC | 
I 
. 


RCV CLK | | | 
SEND DATA 
4 = 


MSG CMPLT | | 


tur 


“WORD COUNTER PRESET TO TRANSMIT COMMAND WORD FIELD 
PLUS 1. THIS ALLOWS FOR THE STATUS WORD. 


*“"MSG CMPLT GENERATED BY THE LAST SEND DATA OF 
THE TRANSMIT MESSAGE GROUP. 
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TYPICAL SYSTEM OPERATION 
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STATE 
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TO MPU TO MPU 


ACL ALL 
EXAMINE ‘0 “o” EXAMINE 
BITS 7-11 BITS 7-11 
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EXAMINE ‘o 
BITS 12-16 


1, SEND IA * 

2. SEND 

TX MODE 

END OF 
COMMAND 

SYNC 
TO MPU 
NO 


ALL 
‘o EXAMINE 
BITS 12-16 











RECEIVE 
DATA 
WORD 


| i. JAM ADDRESS () 
| 2. JAM ME =0 | 


Ser 
DATA 
AVAIL 
Nw, ¥ FROM Meu 
/ PULSE 


*SEE FIGURE 7 FOR ALLOWABLE TIMES TO SEND TA 


FROM DECODER 





TO ENCODER 


FROM ENCODER 


TO ENCODER 


SEND 
STATUS WORD 
FROM 
BUFFER 


PRESET TDE 
LATCH TO 
TOE1 STATE 


SET 
DATA 
REQUEST 


FROM MPU 


1, PRESENT 
UPPER BYTE 
2. PULSE TDE 


SET TDE 
LATCH TO 
TDE2 STATE 


FROM MPU 


1. PRESENT 
LOWER BYTE 
2. PULSE 
TDE 


TO ENCODER 


SEND 
DATA WORD 
FROM 
BUFFER 


TRANSFER 
BUFFER 
CONTENTS INTO 
XMIT SHIFT 
REGISTER 
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PRESENT 
UPPER BYTE 
ON D#-D7 


FROM MPU. 


PRESENT 
LOWER BYTE 
ON D8-07 


RESET 
DATA 
AVAILABLE 


JAM 
ADDRESS 
| TO ENCODER 


FROM ENCODER 


TO ENCODER 


| TO ENCODER 





OPEN DRAIN OUTPUT 


FIGURE 10 





SWE 


INTERNAL LOGIC 


INTERNAL LOGIC 


oa ee 


INTERNAL LOGIC 
RDE 


D6-D7 INPUT/ OUTPUT 
FIGURE 11 


: 
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OTHER OUTPUTS 
FIGURE 12 
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STANDARD MICROSYSTE 
CORPORATION 







ma 35 Marcus Bivd., Hauppauge. N.Y 11788 
{516} 273-3100 TWX-510-227-8898 


We keep ahead of our competition so you can keep ahead of yours. 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
Co 


COM1553B 


LPC FAMILY 


Preliminary Data 


MIL-STD-1553B “SMART®” 


FEATURES 


[Support of MIL-STD-1553B 
CJ] Operates as both Remote Terminal and 
Bus Controller 
C1] Manchester II Serial Biphase Input/Output 
_] 16 bit Microprocessor compatible 
(1 Command/Data Sync Detection/Identification 
C1] Automatic Command Response Generation 
C] On-Chip Address Recognition 
C Error Detection For: 
Sync Errors 
Parity Errors 
Word Count Errors 
Bit Count Errors 
Invalid Manchester Code 
Incorrect Address 
Incorrect Bus Response Time 
CZ TTL Compatible 
(] Recognizes Mode Codes and Broadcast 
Commands 
(] Provides DMA handshaking signals 
(1 COMPLAMOSE n-Channel MOS Technology 





PIN CONFIGURATION 


Dg 

D10 

D11 

012 

013 
014 
D15 
TXMODE 
POR 9 
12MHz CLK 10 
MANIN 11 
MANIN 12 
MCF 13 

DO 14 
D1 15 
D2 16 

D3 17 

D4 18 

D5 19 

D6 20 


[) 38 MANOUT 
[) 37 MANOUT 


Onooah wn = 


|} 28 DTACK 





PACKAGE: 40-pin D.LP. 


GENERAL DESCRIPTION 


The COM1553B SMART® (Synchronous Mode Avionic 
Receiver-Transmitter) is a 40-pin COPLAMOS® n-Channel 
MOS/VLSI circuit designed to simplify the interface of 
a microprocessor or buffer to the serial MIL-STD-1553B 
data bus. 

The COM1553B is a double buffered serial to parallel, 
parallel to serial converter. lt receives serial Manchester II 
biphase encoded data from a 1553B bus receiver and con- 
verts it to 16 bit.parallel data. When receiving Manchester 
Il data, the COM1553B detects and identifies sync polarity, 
reconstructs the clock, detects zero crossing, checks for the 
proper number of bits and performs a parity check on the 
incoming data. In addition to parity check, the COM1553B 
also checks for sync errors, invalid Manchester code, 
improper word count, incorrect address and incorrect bus 
response time. The transmitter in turn, accepts 16 bits par- 
allel data and serially transmits it as Manchester I! data, 


appending the appropriate sync and parity. 

The COM1553B recognizes protocol commands, and 
automatically generates the proper response, thereby off- 
loading what otherwise would be microprocessor tasks. This 
feature eliminates critical software timing requirements. 

The COM1553B is designed to work both as a Bus Con- 
troller and Remote Terminal, making it universal within the 
MIL-STD-1553B environment. The COM1553B automat- 
ically loads and recognizes its own address. It determines 
the type of transfer required in both the Bus Controller and 
Remote-Terminal modes and generates the proper control 
signals to complete the transfer. It automatically transmits 
the status word and detects message errors and mode 
commands. Furthermore, it generates the control signals 
for DMA operation, therefore eliminating processor 
intervention. 
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REGISTER 


TRANSMIT NRZ 















16 BIT 
BIDIR 
BUFFER 







+12 voc—+ Vag 
5 VDC = Vow 







16 BIT 
TRANSMIT 
BUFFER 



















ADDRESS RW 
REGISTER 


9 BIT STATUS 
REGISTER 







6 BIT 
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11 BIT LID M 
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a HIGH SPEED REGISTER _ 
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MANIN REGISTER 
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pu OTR 
MANOU | LAST e 
O 
NAROGE REGISTER 
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| 5 BIT one 
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| LOGIC BGACK 
16 BIT 
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iy BUFFER DTACK 
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SHIFT 
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RECEIVE NRZ 






DESCRIPTION OF PIN FUNCTIONS 


| PINNO. |NAME SYMBOL | FUNCTION 


1-7, 14-21, | 16-bit DataBus | DO-D15 Three-state bidirectional data lines used to transfer Command, Data, Error and 
4 Status Words between the COM1553B and external memory. 


TXMODE | This output signal when high indicates that the COM1553B is transmitting infor- 
mation on the 1553B bus. 


Power On Input signal used to initialize or reset the Error registers. The RT address must be 
Reset reloaded after POR is issued. 
10 12 MHz Clock “A MHz 12 MHz clock input. < 
LK 






0 
8 Transmit Mode 








11 Complementary | MANIN This input is low when there is no data on the bus. A high level indicates that the 
Manchester In data is in its negative state (Refer to receive waveform, figure 3). 
12 Manchester In MANIN This input is low when there is no data on the bus. A high level indicates that = 
the data is in its positive state (Refer to receive waveform, figure 3). - 
13 Mode Code MCF Output signal that is active high when a mode command (all I’s or all 0’s in subad- = 
| Flag _ | dress) has been detected. us 
22 Power Supply VCC +5 volts DC supply. 
23 Write Enable WE Output signal. When low, WE indicates that the data on the 16 bit data bus is sta- 
ble and can be written into the external memory. 
24 Valid Command VC_ Output signal that is pulsed high to signify the reception of a valid command. 
25 Read/Write R/W Output signal that indicates whether a DMA transaction is a COM1553B read 
(when high) or a write (when low) operation. 
26 Invalid | IM Output signal which is pulsed low at the same time as MC to indicate that a mes- 
; Message sage error has occurred. 


IM is also pulsed low while MC remains high if there are errors in the Command 
word with matching address. 


27 | Message MC Output signal used as either an interrupt or flag to the processor whenever a 


j 


Complete COM1553B transaction has been completed. 

28 Data Transfer DTACK This input signal when low indicates that the Data Transfer Request 
Acknowledge | (DTR) and BGACK has been acknowledged and data is on the data bus. 

29 Command CSTR _ | This input signal when low is used to inform the COM1553B that a Command 
Strobe | Control Code is available in external memory. When the COM1553B is ready, it 


issues a Command Strobe Acknowledge and initiates a memory read cycle to 
load the Command Control Code bits CB2-CBO. 


30 - Power Supply VBB —5 volts DC supply voltage. 

31 Power Supply VDD + 12 volts DC supply. 

32 Bus Grant BGACK This input signal, when low, indicates that the processor has acknowledged DTR 
Acknowledge and relinquished the data bus. 

33 Remote RT/BC When this input is high the COM1553B operates as a Remote Terminal. 
Terminal/Bus When RT/BC is low, the COM1553B operates as a Bus Controller. 
Controller - . 

34 Command/Data C/D This output signal during memory write operations indicates either a Command 


or Data Word transfer. A low level indicates that the COM1553B is writing a Data 
Word, Status Word, the contents of the Error Register, or the contents of the Last 
; Command Register into external memory. . 

' A high level indicates that the transferred word is a Command Word. During 
memory read operations this output is low. It goes high to indicate that data has 
been latched internally and the read operation is completed. 


35 Data Transfer DTR Output signal that initiates a DMA transfer with the processor. 


Request 
36 Command CSTRA This output pulse acknowledges the receipt of the command strobe and initiates 
Strobe the Command Control Code (CB2-CB0) transfer. 
Acknowledge 
37 Complementary’ MANOUT | This output signal is high when the COM1553B is not transmitting. 
Manchester A low level indicates that output data is in a positive state (refer to driver 
Output | waveform, figure 4). 


38 Manchester : MANOUT | This output signal is high when the COM1553B is not transmitting. 
| | | Alow level indicates that output data is in a negative state (refer to driver 
waveform, figure 4). 


39 i Ground ' GND | Ground 
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FUNCTIONAL DESCRIPTION 


The COM1553B is organized into the following five 
sections: 


Manchester Encoder/Decoder 

This section performs the manchester encoder and 
decoder functions and code error check. The receiver con- 
tinuously monitors the MANIN and the MANIN input lines 
for a valid sync. After the reception of the 3 bit sync, the 
receiver is in full synchronization. It then checks for transi- 
tion errors and correct (odd) parity. If an error is detected in 
the Command Word the receiver resets itself, pulses IM and 





waits for another valid sync. If any errors are detected in 


Data and Status Words, the appropriate error bits in the 
Status and Error register are set. 

The transmitter section encodes the NRZ data from the 
data bus into Manchester Il and appends, depending on 
word type, the proper sync and parity. 


State Sequencer Logic 

The State Sequencer section generates the appropriate 
signals to various internal sections to control the overall 
device operation. 

Inputs to the State Sequencer which establish its oper- 
ational modes are as follows: 


Remote Terminal/Bus Controller (RT/BC) 

Determines whether the data terminal is operating as 
a Remote Terminal or as a Bus Controller. As a result of 
Dynamic Bus Allocation, any terminal shall be capable of 
performing either function at different times. 


Command Control Code bits D2-D0 (CB2-CB0) 

These Command Control Code bits determine the type 
of memory operation the COM1553B will execute. Transfer 
of these commands to the COM1553B are initiated by 
asserting Strobe Command (CSTR) low. This informs the 
COM1553B that a command is available in external memory. 
When the COM1553B acknowledges the CSTR signal, it 
sets the CSTRA output low. The CSTR must be reset within 
1.5 ws. The COM1553B then initiates a memory read cycle 
by setting R/W high, C/D low, and DATA TRANSFER 
REQUEST (DTR) low. When the Command Control Code 
bits are valid on the bidirectional data bus (D2-D0), DTACK 


and BGACK are generated by the processor and these bits 
are loaded into the COM1553B 3-bit latch decode register. 
The command is then decoded in accordance with Table A. 
Timing associated with loading these control bits into the 
COM1553B is shown in Figure 1. 


Transmit Last Command ' 

Allows the State Sequencer to bypass a memory read 
cycle to external memory and transmit the Last Command 
from the TRLC register following the Status Word trans- 
mission. 

Broadcast 

When the address field of the Command Word is all ones 
(11111), the State Sequencer is informed that a Bus Con- 
troller or a Remote Terminal is transmitting a Broadcast 
Command. 


Word Count Zero 

Input from the 5-bit counter and count decode logic 
informing the State Sequencer that all Data Word memory 
cycles are complete. 


Sync. Input 
Indicates the type of sync word just strobed into the 
receive register. 


Address Compare 
When programmed as a Remote Terminal, the 


’ COM1553B compares the contents of the address register 


with the address field of the received Command Word. If 
the addresses compare, the State Sequencer will respond 


- to the received command. 


Any Error 

This input to the State Sequencer indicates that one of 
the seven possible errors have been set in the error register 
at the end of a message (Refer to Error register). 


Contiguous Word 

Set if there is a transition 2 .s. after the parity transition 
of the last word, this signifies that a contiguous word fol- 
lows the word presently in the receive register (Refer to 
figure 5). 


READ/WRITE (R/W)—S 





WRITE ENABLE (WE) J 


DATA TRANSFER REQUEST (DTA) _ LOW UNTIL BGACK RECOGNIZED re 
Ane 1] SOME DELAY OF MS INDICATES DATA VALID j 
COMMAND STROBE TR 
(CSTR) —— oD CSTR UNTIL CSTRA —— | 


MEMORY STROBE (MS) 





COMMAND STROBE . HOLD DATA UNTIL LATCHED 


DATA —___¢cONTROU BITS CBZ, CBT CBO >______— 


| ACKNOWLEDGE (CSTRA) QL | 
| BUS GRANT ACKNOWLEDGE (BGACK) — HOLD BUS UNTIL DMA COMPLETE | 


COMMAND/DATA (C/D) a LOW UNTIL BITS LATCHED INTERNALLY = 


FIGURE 1: 
BUS CONTROLLER TIMING SEQUENCE 
Loading the Command Control Code Bits into the COM1553B prior to 
transmitting a Command or initiating a Diagnostic Sequence. 








Error Detection Logic 
The error detection logic of the COM1553B detects the 
following errors: 


Improper Sync 
One or more words have been received with incorrect 
sync polarity (For example a Status Word with Data Sync). 


invalid Manchester Il Code 
One or more words have been received with a missing 
transition during the 17 ws. data and parity bit time. 


Information Field Greater Than 16 Bits 
The decoder has detected a transition within one bit time 
(1 ws.) following the parity bit in one or more words. 


Odd Parity Error 
One or more words have been received with a parity error. 


Improper Word Count 

An improper word count error occurs when the number 
of Data Words received is not equal to the number of words 
indicated in the word count field of the Command Word. In 
the case of a Mode Code without data, no Data Words 
should follow the Mode command. Mode Codes with data 
should consist of only one Data Word. If the contents of the 
word counter are not zero, and there is no contiguous Data 
Word, then the receive message is considered incomplete 
(e.g., fewer words were received than indicated by the word 
count in the Command word). If the contents of the word 
counter are zero and there is a transition detected 2 us. after 
the parity transition of the last Data Word, then this also will 
cause an improper word count. In either case, the Message 
Error bit of the Status Word is set and not transmitted and 
the invalid message (IM) output pin pulsed at the same time 
as the message complete (MC) signal output. 


Response Time 
The amount of time between the end of transmission of 
a Command or Data Word and the Status Word reply by a 


Remote Terminal should be less than 14 ys. Ifthe response 
is greater than 14 ws. the response error bit is set in the 
error register. 


Address Mismatch 

An address mismatch occurs when a Bus Controller 
detects a mismatch between the address of the Status Word 
reply from a Remote Terminal and the Remote Terminal 
address of the Command. 


Internal Register Description 


Remote Terminal Address And Status Code Register 

This register is loaded when the processor issues a load 
Remote Terminal Address (RTA) command. The word that 
is loaded in this register consists of 9 bits of status infor- 
mation (DO-D8) and the 5-bit address (D11-D15). The 
Remote Terminal Address may be checked any time by 
reading out the Error register. The RTA and Status Code 
register must be loaded before the COM1553B may respond 
as a Remote Terminal. 

Table 1 defines the data bus bits which correspond to the 
Remote Terminal Address and Status Code register and 
Status Word that transmitted. Bits DO, D2, D3 and D8 are 
double buffered to allow the RT to retain this information 
after the Status Code register is updated. For all legal com- 
mands, other than Transmit Last Status and Transmit Last 
Command Mode command, the Status Word register is 
updated with these four bits, Any Error and the Broadcast 
flag. The Dynamic Bus Control and Terminal Flag bits are 
modified by the appropriate Mode Code commands 
whereas, the Broadcast Flag and Any Error bits are set by 
the COM1553B internal logic. The Reserved Bits and the 
RT address bits are transferred directly into the Status Word 
register during the RTA and Status Code command. 

Bits DO, D2, D3, and D5-D9 are cleared after transmis- 
sion for all commands except Transmit Last Status and 
Transmit Last Command Mode Code. 


TABLE A: 
COMMAND CONTROL CODE BIT DEFINITION 





DATA BITS 


X | X 








X |X, xX 





























xX | X | X 
X—DON’T CARE 





CONTROL 
BITS 
CB2-CBO 


Dia[Die[D11 [Dio Ds] D[D,| 0s] 05] 0.]0,/D2[D,|Do|FUNCTION 


SHEE 


READ DATA 


LOAD RT ADDRESS 
REGISTER AND 
STATUS CODE 
REGISTER 


READ LAST CMD 


READ ERROR AND 
REMOTE TERMINAL 
ADDRESS 
REGISTERS 


| BUS CONTROLLER 
| TRANSMISSION 


BUS CONTROLLER 
RT TO RT TRANSFER 
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TABLE 1 


































































Bit (See Note) 





Override Terminal 
Flag (reset) 
Mode Code command 




















RTA and Status Internal Logic Status Word 
Data Bus Bit Code Reg. Bits Signals Transmitted 
D15 (MSB) RTA Bit 4 (MSB) a | RTA Bit 4 (MSB) 
D14 RTA Bit 3 — RTA Bit 3 
D13 RTA Bit 2 — RTA Bit 2 
Di2 RTA Bit 1 ;— | RTA Bit i 
D11 RTA Bit 0 (LSB) — RTA Bit 0 (LSB) 
D10 Not used Any Error Message Error 
D9 Instrumentation Bit — Instrumentation 
D8 Service Request Bit — Service Request 
D7 Reserved _ Reserved 
D6 Reserved _— Reserved 
D5 Reserved _— Reserved 
D4 Not Used Broadcast Flag Broadcast Flag 
D3 Busy — Busy 
D2 Subsystem Flag Bit _ Subsystem Flag 
D1 Dynamic Bus Control Dynamic Bus Mode Code Dynamic Bus Control Bit 
Acceptance Enable Bit command 
(See Note) 
DO (LSB) Terminal Flag Enable Inhibit Terminal Flag (set) Terminal Flag 
or 





Note: When the Dynamic Bus Control Acceptance Enable bit is set, the RT will accept a Dynamic Bus Mode code 
request. If this bit is reset the RT will reject a Dynamic Bus Mode Code command request. The Terminal Flag 
Bit (if enabled) is only set high if no Inhibit Terminal Mode Code command has been received, or if an Override 


Inhibit Terminal bit command is received. 


Last Command Word Register 

The last valid Command Word received by a Remote 
Terminal is stored in an internal 16 bit Last Command Reg- 
ister. This makes it readily available for transmission onto 
the data bus whenever the Remote Terminal receives a 
Mode Command to transmit the last Command Word. The 
Last Command Register contents are automatically writ- 
ten into external memory following a receive or a transmit 
message. 

As a bus controller (BC), the Last Command Register is 
used to hold the command transmitted before the present 
command. In RT-RT transfers this register of the BC holds 
the receive command while the transmit command is being 
transmitted. 

The processor has the option of reading the Last Com- 
mand Register of either a bus controller or remote terminal, 
by issuing a Read Last Command Register command code. 


Error Register And RTA Register 
(Error Register) 

A7-bit error register is provided in the COM15538B to hold 
any errors associated with the previous message. if one 
or more of the 7 error types exists, the COM1553B asserts 
the Invalid Message output pin (IM) at the same time that 
Message Complete (MC) is asserted, cueing either a Re- 
mote Terminal or a Bus Controller that an error occurred in 
the previous message. If desired, the processor may read 
out the 16-bit error word by issuing a read error register 
command code: When operating as a Remote Terminal, the 
COM15538B will write the Receive register, Error register and 
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Last Command register automatically into external memory 
at the end of each command message because these reg- 
isters may change before the processor has determined 
the necessity of reading them. The Error register may be 
read anytime during a message except during message 
transfers. 


TABLE 2 


The 16-bit error word is defined as follows: 





DATA BUS ERROR BIT 

LINE DEFINITION 

D15 RT Address Bit 4 

D14 RT Address Bit 3 | 

Di3 RT Address Bit 2 
| D12 | RT Address Bit 1 | 
| Di1 Po RT a a Bit O | 

D1 0 Ui nusea 
| D9 | Improper Sync | 
| D8 | Address Mismatch Error 

D7 Improper Word Count 

D6 Response Time Error 

D5 information Fieid > 16 Bits 

D4 Unused 

D3 Invalid Manchester II 

D2 Parity Error 

D1 Unused 


DO 
*Unused bits are set high. 


Unused 








Mode Detection Logic 

Both receive and transmit Command Words for a Remote 
Terminal and Bus Controller are decoded by the Mode 
Detection Logic. The Mode Detection Logic examines the 
following Command Word field to establish the correct 
operating mode for the COM1553B (Refer to TABLE B). 


Subaddress/Mode Code Field (D5-D9) 
and Data Word Count/Mode Code (D0-D4) 

This field Determines if the command is a normal com- 
mand or a Mode command. A subaddress field of 00000 or 
11111 implies a Mode command. All other codes are inter- 
preted as a subaddress. Once a Mode. Command is 
detected the most significant bit of the Data Word Count/ 
Mode Code field is decoded. A most significant bit of “zero” 
implies no associated data with the Code Command. A 
“one” in this position implies that a Data Word will follow. 

The COM1553B recognizes five Mode Code commands 
(Refer to TABLE B). Transmit Last Command or Transmit 
Last Status word Mode Code commands, when received 
by the COM15538B, will automatically transfer the contents 
of the Transmit Last Command or Transmit Last Status reg- 
ister onto the 1553B serial bus. 


The Override/Inhibit Terminal Flag and Dynamic Bus 
Control Mode Code commands, when received by the 
COM1553B, may change the state of the Terminal Flag and 
Dynamic Bus Control bits of the Status Word register. The 
Inhibit Terminal Flag Bit Mode Code command resets the 
Terminal Flag bit. 

The Override Inhibit Terminal Flag Mode Code com- 
mand enables the Terminal Flag bit if it was previously dis- 


abled. Finally, Dynamic Bus Control Mode Code command 


sets the Dynamic Bus Control bit in the Status Word if the 
Dynamic Bus Control Enable bit is high. If the enable bit is 
low, the Dynamic Bus Control bit in the Status Word remains 


~ low.when a Dynamic Bus Control Mode Code command is 


received. 


Broadcast Mode Code 

Broadcast Mode Code Commands are acknowledged if 
the T/R bit is low. If the T/R bit is high all Broadcast Mode 
Code commands without associated Data words are 
acknowledged except Dynamic Bus Control and Transmit 
Last Status Word. — 

Illegal Broadcast Commands are not acknowledged; the 
IM output pin is, however, pulsed low. 


TABLE B 
MODE CODE DEFINITION 


DETECT 
CONDITION 


All ones in RT 
address field of 
CMD WD 


All zeros or 
ones in sub- 
address field 
of CMD WD 


FUNCTION 


Broadcast Broadcast 


Decode Logic 


Mode Codes Mode Code 


Decode Logic 





(1) Dynamic 
Bus 


Control 


(2) Transmit 
Last 
Status 
Word 

(3) Inhibit 
Terminal 
Flag Bit 

(4) Override 
Inhibit 
Terminal 
Flag Bit 

(5) Transmit 
Last 
Command 











DETECTED 
BY 


Word Count 
Field = 00010 


SPECIAL 
‘ CONDITIONS 


Status word is 
written into Memory 
but not transmitted 


MSB of Word Count 


0 = Nodata Word 
1 = With Data Word 


COMMENTS 


Address compare 
must recognize all 
ones as Broadcast 


Word Count 
is Decoded 
as mode code 





Word Count 
Field = 00000 


Dynamic Bus Accept 
Bit of Status word 
enabled for 
transmission 


Status Word remains 
unchanged . 


Word Count 


Terminal Flag Bit of 
Field = 00110 


Status word inhibited 
until overriden 


Removes Inhibit from 
Terminal Flag Bit of 
Status Word 


Word Count 
Field = 00111 


| Status Word 
Transmitted followed 

| by Last Command 
Register. Status Word 
remains unchanged. 


Word Count 
‘ Field = 10010 
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OPERATION 


When operating as either a Bus Controller or Remote 
Terminal, the COM1553B decodes the Command Word and 
determines the type of message transfer. Having deter- 
mined the type of message transfer, the COM1553B 
generates the proper control and timing signals to com- 
plete the transfer (refer to Figure 2). The types of messages 
are listed below: 


1) Bus Controller to Remote Terminal 
2) Remote Terminal to Bus Controller 


3) Remote Terminal to Remote Terminal 
4) Mode Code without Data Word 
5) Mode Code with Data Word (transmit) 
6) Mode Code with Data Word (receive) 
7) Broadcast Bus Controller to Remote Terminal 
8) Broadcast Remote Terminal tc Remote Terminal! 
9) Broadcast Mode Code without data 
10) Broadcast Mode Code with data 


— ew 


Bus Controller Transaction (RT/BC of the COM1553B set low) 


The following section describes each 1553B information 
transfer format from the Bus Controller viewpoint. A table 
showing external memory operation is also provided for 
each message format. 

Note that all MIL-STD-1553B serial bus activity is initi- 
ated by the Bus Controller. 


Bus Controller-to-Remote Terminal Transfer (BC to RT) 
This message format covers transactions where the Bus 
Controller transmits a receive Command and Data Words 
to a Remote Terminal. initializing the COM1553B is accom- 
plished by the processor loading an external memory 


address counter with the starting address of the COM1553B. . 
memory control block (address where the Command Con- © 


trol Code CB2-CB0 resides). The Bus Controller processor 





next issues a Command Strobe (CSTR) and holds it 
low until the COM1553B issues a Command Strobe Ack- 
nowledge (CSTRA). The COM1553B then responds with a 
Data Transfer Request (DTR) which initiates a normal 
memory cycle. 

Refer to figure 1 for timing associated with loading the 
Command Control Codes (CB2-CB0) into the COM1553B 


prior to transmitting the Command Word. 

The first memory cycle loads the Command Control Code 
bits CB2-CBO from external memory into the COM1553B 
functioning as Bus Controller (BC). The BC decodes this 
command to determine the type of memory transaction to 
perform (refer to TABLE A). The next read cycle loads the 
Command Word into the BC command register and then 
transmits it onto the 1553B bus. This Command Word, while 


- inthe command register, determines the BC mode of oper- 


ation. The BC then completes this BC to RT transaction by 
issuing a predetermined number of read cycles (deter- 
mined by the value in the word count field of the Command 
Word) and transmitting the data onto the 1553B bus. After 


. transmission of the last Data word, the BC initializes its 


response timer, expecting a Status Word from the remote 
terminal within 14 ps. 

After the reception of the Status Word, the BC initiates a 
memory write cycle which writes the Status Word into the 
external memory. If the BC doesn’t receive the Status Word 
within the allowed response time the message error bit 
is set. 
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FIGURE 2 





TABLE 3 
BC to RT (The BC transmits a receive 
command to the RT) 







COM1553B 
MEMORY 
OPERATION 









MEMORY 
ADDRESS 


MEMORY 
CONTENTS 


XXX2,, 

RECEIVE 
COMMAND 

3 DATA 





DATA 
DATA 
DATA 

ak 


STATUS 


*reads command control code bits CB2-CBO 
* response time 
X = don’t care 





* 


Remote Terminal Transfer to Bus Controller 













This message format covers transactions where the Bus | 


Controller sends a transmit command to a Remote Terminal 
and requests data from it. Initialization of the BC for normal 
memory cycles is the same as the previous transfer. The 
difference between this transfer and the previous transfer 
is that after the Command Word is transmitted, the BC waits 
14 ys for the Status Word and the requested number of Data 
Words. The Status and Data Words are written into external 
memory via write cycles as they are received by the BC. 


TABLE 4 
BC to RT (The BC transmits a Transmit 
Command to an RT) 


COM1553B 
MEMORY 
OPERATION 


MEMORY 
ADDRESS 


MEMORY 
CONTENTS 


XXX2y, 
TRANSMIT 
COMMAND 
a 
STATUS 
DATA 
DATA 
DATA 
DATA 


4p ads command control code bits CB2-CBO 
response time 
X = don’tcare 





RT-to-RT Transfer 

In this message format, the Bus Controller first issues a 
receive Command Word to the receiving Remote Terminal, 
followed by a transmit Command Word to the transmitting 
terminal. Next, the transmitting RT responds with a Status 
Word and the requested number of Data Words to both the 
receiving RT and BC. The receiving RT at the end of the 
message sends a Status Word to the BC. As Status and 
Data Words are received by the BC they are written into 
external memory. 
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TABLE 5 
RT to RT 
COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 
1 XXX3x 
2 RECEIVE 





COMMAND 
TRANSMIT 
COMMAND 














STATUS 
(transmitting 
RT) 
DATA 
DATA 
DATA 
WRITE 


kk 


STATUS 
| (receiving RT) 






*reads command control code bits CB2-CBO 
response time 
X = don’t care 


Mode Code Command without Data 

The Bus Controller transmits a specific Mode Command 
and expects a Status Word back from the addressed 
Remote Terminal. 









TABLE 6 
COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 


1 XXX2,, 
COMMAND 
*xk 


STATUS 


*reads command control code bits CB2-CBO 

response time 
X = don't care 
Mode Command with Data 
(BC receives a single word) 

In this mode the Bus Controller issues a transmit Mode 
Command to.an RT. The addressed Terminal responds to 
the Bus Controller with a Status Word and a single Data 
Word. 













TABLE 7 
COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 






1 XXX2,, 
COMMAND 
ak 
STATUS 
DATA 


*reads command control code bits CB2-CBO 
response time 
X = don’tcare 


= 
Oo 
~— 
oO 
uu 
ive) 





Mode Command with Data 
(BC transmits a single word) 

The Bus Controller issues a receive Mode Command and 
one Data Word to a Remote Terminal. A Status Word is 
returned by the Remote Terminal to the Bus Controller. 


TABLE 8 


MEMORY MEMORY 
ADDRESS CONTENTS 


XXX2,, 
COMMAND 
DATA 

ak 


STATUS 


*reads command control code bits CB2-CBO 
** response time 
X = don’tcare 


COM1553B 
MEMORY 
OPERATION 





Bus Controller (Broadcast) to Remote Terminal Transfer 

In this mode the Bus Controller issues a Broadcast Com- 
mand followed by anumber of Data Words. In all Broadcast 
Command transfers a BC will not expect to receive a Status 
Word back. 


TABLE 9 















COM1553B 
MEMORY 
OPERATION 














MEMORY 
ADDRESS 


MEMORY 
CONTENTS 








1 XXX2,, 
2 RECEIVE 
COMMAND 
3 DATA READ | 
. DATA READ | 
: DATA READ 
DATA. READ | 
“reads command control code bits CB2-CB0 


** response time 
X = don’t care 


*kK* 





RT to RT Transfer (Broadcast) 

This transfer is similar to the normal RT to RT transfer 
with the exception that the Status Word is not returned by 
the receiving RT. 


TABLE 10 
COM1553B 


MEMORY 
OPERATION 


MEMORY 
ADDRESS 


MEMORY 
CONTENTS 


XXX3,, 
RECEIVE 
COMMAND 
TRANSMIT 
COMMAND 
** 
STATUS 
DATA 
DATA 
DATA 
DATA 


*reads command control code bits CB2-CBO 
response time 
X = don'tcare 








Remote Terminal Transaction (RT/BC input of the COM1553B set high) 


The following section addresses each COM1553B 
information transfer format from the Remote Termina! 
viewpoint. 


Bus Controller to Remote Terminal Transfer 
(BC io AT, where RT receives daia) 

In this transfer the COM1553B designated as the RT 
receives a command to receive data. As the Command 
Word is completely shifted into the receive shift register, the 
RT compares the Command Word address field with the 
preioaded Remote Terminai address. This determines if the 
message is addressed to the receiving RT. Ifthe Command 
Word is valid, the RT issues a Data Transfer Request (DTR) 
to initiate a memory cycle. Once the processor relinquishes 
control of the data bus, during the Bus Acknowledge 
(BGACK) time, the Command Word is placed on the data 
bus. 
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The Subaddress field is thereafter decoded by external 
logic and the Command word is written into external 
memory. The RT then receives a predetermined number of 
Data Words (specified by the word count field). As each Data 
Word is received itis written into external memory. After the 
reception of the last Data Word the RT transmits the Status 
Word, the Message Error, Broadcast Flag, Terminal Flag, 
Subsystem Flag, Busy, and Service Request bits are 
updated for all commands except for the Transmit Status 


VAlArA and Tranamit | act Cammana Cada nammoanele \Alhilna 
WWI CUI CIPGAHIOEIDIIL BC Whit lar M4 Wyue VV bHiGnuo. FVII 


transmitting the Status, the RT writes it into memory. The 
RT also writes the Last Command Register, Error Register 
and Receive Register into memory and then asserts Mes- 
sage complete. 

Note that the receive register of the RT will contain the 
transmitted Status Word. 


TABLE 11 


BC TO RT (RT receives a data from BC) 





MEMORY 
ADDRESS 











MEMORY 
CONTENTS 


COMMAND 
DATA 
DATA 


DATA 
xk 


STATUS - . 
LAST . 
COMMAND 
ERROR 
REGISTER 
RECEIVE 
REGISTER 











COM1553B 
MEMORY 
OPERATION 












WRITE 
WRITE 
WRITE 
WRITE 
WRITE 









WRITE 
WRITE 


WRITE 


transfers. The only exception is that the receiving terminal 
waits for the first Data Word from the transmitting terminal. 
This satisfies the protocol requirement that the transmitting 
terminal first send its status to the controller before it trans- 
mits the data to the receiving terminal. 


Mode Command with Data 
(RT receives a Mode Code Command to transmit) 

In this transfer, after the Transmit Mode Command is 
received, the RT transmits the Status and one Data Word. 


TABLE 13 


COM1553B 


MEMORY MEMORY 


| MEMORY 
ADDRESS 


Remote Terminal-to-Bus Controller Transfer 
(RT transmits data to BC) 

The Remote Terminal receives a Transmit Command 
Word from the Bus Controller. The RT will then proceed to 
decode the Command Word, as in the previous case and 
within the response time transmits the Status Word. 

While the Status Word is being transmitted the RT issues 
awrite memory cycle to write the Status Word into external 
memory. Thereafter, the Data words are read from memory 
and transmitted. After the last word is transmitted the RT 
writes the contents of the Last Command Register, Error 
Register and the Receive Register into memory. 


TABLE 12 
Remote Terminal to Bus Controller 
(RT Transmits Data to BC) 


























COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 
COMMAND 
** 
2 STATUS WRITE 
3 DATA | READ 
. DATA READ 
. DATA | READ 
32 DATA READ 
33 LAST | WRITE 
COMMAND | 
34 ERROR WRITE 
| REGISTER 
35 RECEIVE WRITE 
REGISTER 








* * response time 


Remote Terminal-to-Remote Terminal Transfers 
From the Remote Terminal viewpoint, RT-to-RT trans- 
fers are similar to the RT to BC receive or transmit data 


CONTENTS | OPERATION sail 
1 COMMAND WRITE 
** 
STATUS WRITE 


2 

3 DATA READ* 

4 LAST WRITE 
COMMAND 

5 ERROR | WRITE 





| 

| 

| REGISTER 

| 6 RECEIVE WRITE | 
_[ REGISTER 


*For a Transmit Last command Mode Code, Data is not 
read from memory but transmitted from the internal Last 
Command register. 

** response time 











Mode Code Command with Data 
(RT receives a Mode Command to receive) 

This transfer is similar to a Receive Command having only 
one Data Word. 


TABLE 14. 



























COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS | CONTENTS OPERATION 
1 COMMAND WRITE 
| 2 DATA WRITE 
kk 
3 STATUS WRITE 
4 LAST WRITE 
COMMAND 
5 ERROR | WRITE 
REGISTER 
| 6 RECEIVE WRITE 
| REGISTER 


* * response time 


Bus Controller Broadcast Transfer to RT 

The RT receives a Broadcast Command io receive data. 
If data received during a broadcast message is invalid, the 
COM1553B will set the message error bit. 
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TABLE 15 
RT RECEIVE 
COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 
1 COMMAND WRITE 
DATA WRITE 
DATA WRITE 
DATA WRITE 
DATA WRITE 
STATUS WRITE* 
LAST WRITE 
COMMAND 
ERROR WRITE 
REGISTER 


*In all broadcast transfers, a memory cycle is shown for the 
Status Word but the RT does not transmit it on the 1553B 
bus. 


Broadcast Mode Code Command with Data 
This Broadcast Mode Code command is detected if the 
MSB of the word count field is a logical high. 
Transmission of the Status Word is suppressed as in the 
previous case but is loaded into external memory. 




























TABLE 16 
RT RECEIVE 
COM1553B 

MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 

COMMAND WRITE 

DATA WRITE 

STATUS WRITE* 

LAST WRITE 

COMMAND 

ERROR WRITE 

REGISTER 


*In all broadcast transfers, a memory cycle is shown for 
the Status Word but the RT does not transmit it on the 
1553B bus. 


Broadcast Mode Code Command Without Data 

This Mode Code command is detected if the MSB of 
the word count field is zero. This transaction is the same as 
the previous transfer except that there is no Data Word 
transfer. 


TABLE 17 
| COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 






COMMAND 
STATUS 
LAST 
COMMAND 
ERROR 
REGISTER 


*In all broadcast transfers, a memory cycle is shown for 
the Status Word but the RT does not transmit it on the 
1553B bus. 


WRITE 
WRITE” 
WRITE 


WRITE 


Broadcast RT to RT Transfer 

For this message transfer a Broadcast Command 
to receive is issued by the Bus Controller. This is followed 
by a normal Transmit Command to the transmitting Re- 
mote Terminal. The Remote Terminal responds with a nor- 
mal transmit message format of Status Word and Data 
Word(s). The receiving terminals do not transmit a Status 
Word after receiving the data. However, they do go through 
amemory cycle to load the Status Word into their respec- 
tive memories. 

For the Remote Terminal receive transfer refer to Table 
15. The only difference in this transfer is that there is a gap 
time between the Command and Data word. 

For the Remote Terminal transmit transfer refer to Table 
12. The only difference in this transfer is that the Receive 
Register is not written into memory. 


MAXIMUM GUARANTEED RATINGS* 


Opétating Temperature Range 4 voxnne a nanesrensnad hip aiwnwasne dale kaart vega saab Weeuase tetas dusbetedi exces —55 to + 125°C 
Storage Temperature Range asc.cics kev cane eateries Caaie oeda vaghee Soeedaewgie nner whenmwed Chana nea taped | enter — 55 to + 150°C 
Lead Temperature (soldering; 10SCCONGS) «2. 2 6.c nese eevenetedey seas eSoy bse ee ow sauedagweay pu ewbaweutenaedea eaOT ee vane +325°C 
Positive Voltage On ANy Pi <eiecve a eae ea ec ce eee seen bee abe slag ch dehinadg Oa eget sbeaslbiveeadebagia bees eneees + 15V 
Negative Voltage on any pin except VBB, with respect to ground ........... 0... cece c ee cee eee e eee een ene tee tn een enn enes —.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or any other condition above those indicated in the operational sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not 
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power 
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. If this possibility exists, itis 
suggested that a clamp circuit be used. 


DC ELECTRICAL CHARACTERISTICS T, = —55 to 125°C, Vog = 5.0V +5%, Vop = 12V +5%, Vag = —5V +5% 


PARAMETER MIN TYP MAX UNITS COMMENTS 

VV... Input Low Voltage -0.3 0.8 V 
Viz Input High Voltage 3 Voc V 
Vo. Output Low Voltage 0.4 V lo. = -—3.2mMA 
Vox Output High Voltage 2.4 4 5 Vv log = -8mA 
I Input Leakage Current 10 pA 
Cn, ‘Input Capacitance 10 25 pf 

o Output Capacitance 10 15 pf 
C, Load Capacitance 100 150 pf 
Py, Power Dissipation 0.8 Ww Ty = 25°C 


AC ELECTRICAL CHARACTERISTICS 























PARAMETER MIN TYP MAX UNITS COMMENTS 
clk clock frequency 12 MHz 50% duty cycle 
t, Clk, rise time 6 ns 
t Clk, fall time_ 6 ns 
t, DTR and WE _ 0.5 0.6 1 LS 
t BGACK to DTR 0.8 1.3 2 ws 
t, WEtoDATA _ 100 ns 
ty DTACK to WE_ 1.5 2 LS 
ts DTACK to R/W 1 1.5 LS 
ts DTACK to C/D 1.5 2.5 LS 
t CSTR to CSTRA 673 ys LS 
te CSTRA to CSTR 1.5 ns 
ty CSTRA width 500 ns 
ti. C/Dto DATA 0 
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FIGURE 5: 
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AC CHARACTERISTICS 





ae ee en ee ae a aa, See 
! t, DTACK 
ar i ne a4 mie i sae 
bend | cb aa re fy 2 
a ee a eee 
aw —— nee DATA (> 7) 
I I 
fart, ao! 
c/D | 
\ / jot 1 1 
CSTRA a _ 
awe 
WRITE CYCLE READ CYCLE 


TRANSCEIVER/ 


DMA M68000 
TRANSFORMER CONTROLLER ADDRESS MICRO- 
PROCESSOR 


SYSTEM 


DMA 
MEMORY 


TYPICAL SYSTEM IMPLEMENTATION 





STANDARD MICROSYSTEMS 
CORPORATION 








= — ©. .. ae mete ar = ote FO 
3 Marcus BivG., Hi AY. 11700 


(516) 273-3100 - TWX-510-227-8898 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 


58 


STANDARD MICROSYSTEMS 


——_—— 


COM1671 


[LPC FAMILY 


Asynchronous/Synchronous Transmitter-Receiver 
ASTRO 


FEATURES 
O SYNCHRONOUS AND 
ASYNCHRONOUS 
Full Duplex Operations 
O SYNCHRONOUS MODE 
Selectable 5-8 Bit Characters 
Two Successive SYN Characters Sets 
Synchronization 
Programmable SYN and DLE Character 
Stripping 
Programmable SYN and DLE-SYN Fill — 
XO ASYNCHRONOUS MODE 
Selectable 5-8 Bit Characters 
Line Break Detection and Generation 
1-, 1%-, or 2-Stop Bit Selection 
Start Bit Verification 
Automatic Serial Echo Mode 
O BAUD RATE—DC TO 1M BAUD: 
O 8 SELECTABLE CLOCK RATES 
Accepts 1X Clock and Up To 4 Different 


PIN CONFIGURATION 





32X Baud Rate Clock Inputs O COPLAMOS® n-Channel Silicon 
Up to 47% Distortion Allowance With 32X Gate Technology 
Clock C Pin for Pin replacement for 
O SYSTEM COMPATIBILITY Western Digital UC1671 and 
Double Buffering of Data National INS 1671 
8-Bit Bi-Directional Bus For Data, Status, [ Baud Rate Clocks Generated by 
and Control Words COM5036 @ 1X and 
All Inputs and Outputs TTL Compatible COM5016-6 @ 32X 
Up sts 32 ASTROS Can Be Addressed 
n Bus 
On-Line Diagnostic Capability APPLICATIONS 
CO ERROR DETECTION Synchronous Communications 
Parity, Overrun and Framing Asynchronous Communications 
. Serial/Parallel Communications 
General Description 


The COM1671 (ASTRO) is a MOS/LSI device which performs the functions of interfacing a serial data communication 
channel to a parallel digital system. The device is capable of full duplex communications (receiving and transmitting) with 
synchronous or asynchronous systems. The ASTRO is designed to operate on a multiplexed bus with other bus-oriented 
devices. Its operation is programmed by a processor or controller via the bus and all parallel data transfers with these 


machines are accomplished over the bus lines. 


The ASTRO contains several “handshaking” signals to insure easy interfacing with modems or other peripheral devices 
such as display terminals. In addition, a programmable diagnostic mode allows the selection of an internal looping feature 
which allows the device to be internally connected for processor testing. 


The COM1671 provides the system communication designer with a software responsive device capable of handling 
complex communication formats in a variety of system applications. 
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Organization 


Data Access Lines — The DAL bus is an 8-bit bi-directional port over which all address, data, control, and status 
transfers occur. In addition to transferring data and control words the DAL bus also transfers information 
related to addressing of the device, reading and writing requests, and interrupting information. 


Receiver Buffer — This 8-bit parallel register presents assembled received characters to the DAL bus when 
requested through a Read operation. 


Receiver Register — This 8-bit shift register inputs the received data at a clock rate determined by Control 
Register 2. The incoming data is assembled to the selected character length and then transferred to the 
Receiver Buffer with logic zeroes filling out any unused high-order bit positions. 


Syn Register — This 8-bit register is loaded from the DAL bus by a Write operation and holds the synchronization 
code used for receiver character synchronization. lt serves as a fill character when no new data is available 

in the Transmitter Buffer during transmission. This register cannot be read onto the DAL bus. It must be loaded 
with logic zeroes in all unused high-order bits. 


Comparator — The 8-bit comparator is used in the Synchronous mode to compare the assembled contents of 
the Receiver Register and the SYN register or the DLE register. A match between the registers sets up 

stripping of the received character, when programmed, by preventing the data from being loaded into the 
Receiver Buffer. A bit in the Status Register is set when stripping is effected. The comparator output also enables 
character synchronization of the Receiver on two successive matches with the SYN register. 


DLE Register — This 8-bit register is loaded from the DAL bus by a Write operation and holds the DLE character 
used in the Transparent mode of operation in which an idle transmit period is filled with the combination 
DLE-SYN pair of characters rather than a single SYN character. In addition the ASTRO may be programmed to 
force a single DLE character prior to any data character transmission while in the transmitter transparent mode. 


Status Register — This 8-bit register holds information on communication errors, interface data register status, 
match character conditions, and communication equipment status. This register may be read onto the DAL bus 
by a Read operation. 


Control Registers — There are two 8-bit Control Registers which hold device programming signals such as mode 
selection, clock selection, interface signal control, and data format. Each of the Control Registers can be 

loaded from the DAL bus by a Write operation or read onto the DAL bus by a Read operation. The registers are 
cleared by a Master Reset. 


Transmitter Buffer — This 8-bit parallel register holds data transferred from the DAL bus by a Write operation. 
This data is transferred to the Transmitter Register when the transmitter section is enabled and the Transmitter 
Register is ready to send new data. 


Transmitter Register — This 8-bit shift register is loaded from the Transmitter Buffer, SYN register, or DLE 
register. The purpose of this register is to serialize data and present it to the serial data output. 
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Astro Operation 


Asynchronous Mode 


Framing of asynchronous characters is provided by a Start bit (logic 0) at the beginning of a character 
and a Stop bit(s) (logic 1) at the end of a character. Reception of a character is initiated on recognition 
of the first Start bit by a positive transition of the receiver clock, after a preceding Stop bit(s). The Start 
and Stop bits are stripped off while assembling the serial input into a parallel character. 


The character assembly is completed by the reception of the Stop bit(s) after reception of the last 
character bit (including the parity bit, if selected). If the Stop bit(s) is a logic 1, the character is 
determined to have correct framing and the ASTRO is prepared to receive the next character. If the Stop 
bit(s) is a logic 0, the Framing Error Status flag is set and the Receiver assumes this bit to be the Start 
bit of the next character. Character assembly continues from this point if the input is still a logic O when 
sampled at the theoretical center of the assumed Start bit. As long as the Receiver input is spacing, all 
zero characters are assembled and error flags and data received interrupts.are generated so that line 
breaks can be determined. After a character of all zeroes is assembled along with a zero in the Stop 
bit(s) location, the first sampled logic one is determined as a Stop bit and this resets the Receiver 
circuit to a Ready state for assembly of the next character. 


In the Asynchronous mode the character transmission occurs when information contained inthe 
Transmitter Buffer is transferred to the Transmitter Register. Transmission is initiated by the insertion 
of a Start bit, followed by the serial output of the character (including the parity bit, if selected), then the 
insertion of a 1, 1.5, or 2 bit length Stop condition. If the Transmitter Buffer is full, the next character 
transmission starts after the transmission of the Stop bit(s) of the present character in the Transmitter 
Register. Otherwise, the Mark (logic 1) condition is continually transmitted until the Transmitter 
Buffer is loaded. 


Synchronous Mode 


Framing of characters is carried out by a special Synchronization Character Code (SYN) transmitted 

at the beginning of a block of characters. The Receiver, when enabled, searches for two contiguous 
characters matching the bit pattern contained in the SYN register. During the time the Receiver is 
searching, data is not transferred to the Receiver Buffer, status bits are not updated, and the Receiver 
interrupt is not activated. After the detection of the first SYN character, the Receiver assembles 
subsequent bits into characters whose length is determined by the contents of Control Register 2. If, 
after the first SYN character detection, asecond SYN character is present, the Receiverentersthe 
Synchronization mode until the Receiver Enable Bit is turned off. Ifa second successive SYN character 
is not found, the Receiver reverts back to the Search mode. 


In the Synchronous mode a continuous stream of characters are transmitted once the Transmitter 
is enabled. If the Transmitter Buffer is not loaded at the time the Transmitter Register has completed 
transmission of a character, this idle time will be filled by a transmission of the character contained in 
the SYN register in the Non-transparent mode, or the characters contained in the DLE and SYN registers 
respectively while in the Transparent mode of operation. 
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Astro Operation 
Receiver 


The Receiver Data input is clocked into the Receiver Register by a 1X Receiver Clock from a modem 
Data Set, or by a local 32X bit rate clock selected from one of four externally supplied clock.inputs. 
When using the 1X clock, the Receiver Data is sampled on the positive transition of the clock in both 
the Asynchronous and Synchronous modes. When using a 32X clock in the Asynchronous mode, the 
Receiver Sampling Clock is phased to the Mark-To-Space transition of the Received Data Start bit and 
defines, through clock counts, the center of each received Data bit with +0% ,—3% atthe positive 
transition 16 clock periods later. 

In the Synchronous mode the Sampling Clock is phased to all Mark-To-Space transitions of the 
Received Data inputs when using a 32X clock. Each transition of the data causes an incremental 
correction of the Sampling Check by 1/32nd of a bit period. The Sampling clock can be immediately 
phased to every Mark-To-Space Data transition by setting Bit 4 of Control Register 1 to a logic one, 
while the Receiver is disabled. 

When the complete character has been shifted into the Receiver Register it is transferred to the 
Receiver Buffer; the unused, higher order bits are filled with logic zero’s. At this time the Receiver 
Status bits (Framing Error/Sync Detect, Parity Error/DLE Detect, Overrun Error, and Data Received) 
are updated in the Status Register and the Data Received interrupt is activated. Parity Error is set, if 
encountered while the Receiver parity check is enabled in the Control Registers. Overrun Error is 
set if the Data Received status bit is not cleared through a Read operation by an external device when 
anew character is transferred to the Receiver Buffer. This error flag indicates that a character has 
been lost; new data is lost while the old data and its status flags are saved. 

The characters assembled in the Receiver Register that match the content of the SYN or the 
DLE register are not loaded into the Receiver Buffer, and the DR interrupt is not generated, if Bit 3 of 
Control Register 2 (CR23) or Bit 4 of Control Register 1 (CR14) are set respectively, and SYN Detect and 
DLE Detect are set with the next non SYN or non DLE character. When both CR23 and CR14 are set 
(Transparent mode), the DLE-SYN combination is stripped. The SYN comparison occurs only with the 
character received after the DLE character. If two successive DLE characters are received only the 
first DLE character is stripped. No parity check is made while in this mode. 


Transmitter 


Information is transferred to the Transmitter Buffer by a Write operation. Information can be loaded 
into this register at any time, even when the Transmitter is not enabled. Transmission of data occurs 
only when the Request to Send bit is set to a logic 1 in Control Register 1 and the Clear To Send input is 
logic 0. Information is normally transferred from the Transmitter Buffer to the Transmitter Register 
when the latter has completed transmission of a character. However, information in the DLE register 
may be transferred prior to the information contained in the Transmitter Buffer if the Force DLE signal 
condition is enabled (Bits 5 and 6 of Control Register 1 set to a logic 1). The control bit CR15 must be 
set prior to loading of a new character in the Transmitter Buffer to insure forcing the DLE character 
prior to transmission of the data character. The Transmitter Register output passes through a flip-flop 
which delays the output by one clock period. When using the 1X clock generated by the Modem Data 
Set, the output data changes state on the negative clock transition and the delay is one bit period. 
When using a local 32X clock the the transmitter section selects one of the four selected rate inputs and 
divides the clock down to the baud rate. This clock is phased to the Transmitter Buffer Empty Flag 
such that transmission of characters occurs within two clock times of the loading of the Transmitter 
Buffer, when the Transmitter Register is empty. 

When the Transmitter is enabled, a Transmitter interrupt is generated each time the Transmitter 
Buffer is empty. If the Transmitter Buffer is empty, when the Transmitter Register is ready for anew 
character, the Transmitter enters an idle state. During this idle time a logic 1 will be presented to the 
Transmitted Data output in the Asynchronous mode or the contents of the SYN register will be 
presented in the Synchronous Non-iranspareni mode (CRi6 =5). in tne Synchronous Transmit 
Transparent mode (CR16= 1), the idle state will be filled by DLE-SYN character transmission in that 
order. When entering the Transparent mode DLE must precede the contents of the Transmitter Buffer. 
This is accomplished by setting of Bit 5 of Control Register 1. 

If the transmitter section is disabled by a reset of the Request to Send, any partially transmitted 
character is completed before the transmitter section of the ASTRO is disabled. As soon as the Clear 
To Send goes high the transmitted data output will go high. 

When the Transmitter parity is enabled, the selected Odd or Even parity bit is inserted into the last 
data bit of the character in place of the last bit of the Transmitter Register. This limits transfer of 
character information to a maximum of seven bits plus parity or eight bits without parity. Parity cannot 
be enabled in the Synchronous Transparency mode. 
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Input/Output Operations 


All Data, Control, and Status words are transferred over the Data Access Lines (DAL 0-7). Additional input 
lines provide controls for addressing a particular ASTRO, and regulating all input and output operations. Other 
lines provide interrupt capability to indicate to a Controller that an input operation is requested by the ASTRO. 
All input/output terminology below is referenced to the Controller so that a Read or input takes data from the 
ASTRO and places it on the DAL bus, while a Write or Output places data from the DAL bus into the ASTRO. 

A Read or Write operation is initiated by the placement of an eight-bit address on the DAL bus by the 
Controller. When the Chip Select signal goes to a logic 0 state, the ASTRO compares Bits 7-3 of the DAL bus 
with its hard-wired ID code (Pins 17, 22, 24, 25, and 26) and becomes selected on a Match condition. The ASTRO 
then seis its RPLY line low to acknowledge its readiness to transfer data. Bit 0 must be a logic O in Read or 
Write operation. A setup time must exist between CS and the RE or WE signals to allow chip selection prior to 
read/write operations. 





Read 
Bits 2-0 of the address are used to select ASTRO registers to read from as follows: 
Bits 2-0 Selected Register 
000 Contro! Register 1 
010 Conirol Register 2 
100 Status Register 
110 Receiver Buffer 


When the Read Enable (RE) line is set to a logic 0 condition by the Controller the ASTRO gates the contents 


of the addressed register onto the DAL bus. The Read operation terminates, and the device becomes unselected, 


when both the Chip Select and Read Enable return to a logic 1 condition. Reading of the Receiver Buffer clears 
the Data Received Status bit. The data is removed-from the DAL bus when the RE signal returns to the logic 
high state. 


Write 
Bits 2-0 of the address are used to select ASTRO registers to be written into as follows: 
Bits 2-0. Selected Register 
000 Control Register 1 
010 Control Register 2 
100 SYN and DLE Register 
110 Transmitter Buffer 


When the Write Enable (WE) line is set to a logic 0 condition by the Controller the ASTRO gates the data 
from the DAL bus into the addressed register. If data is written into the Transmitter Buffer, the TBMT Status bit 
is cleared to a logic zero. 

The 100 address Joads both the SYN and DLE registers. After writing into the SYN register the device is 
conditioned to write into the DLE if followed by another Write pulse with the 100 address. Any intervening 
Read or Write operation with other addresses or other ASTROs resets this condition such that the next 100 will 
address the SYN register. 


: Interrupts 
The following conditions generate interrupts: 
Data Received (DR) 
Indicates transfer of a new character to the Receiver Buffer while the Receiver is enabled. 
Transmitter Buffer Empty (TBMT) 
Indicates that the Transmitter Buffer is empty while the Transmitter is enabled. The first interrupt occurs when 
the Transmitter becomes enabled if there is an empty Transmitter Buffer, or after the character is transferred 
to the Transmitter Register making the Transmitter Buffer empty. 
Carrier On 
Indicates Carrier Detector input goes low and the Data Terminal Ready (DTR) bit (CR10) is high. 
Carrier Off 
Indicates Carrier Detector input goes high and the Data Terminal Ready (DTR) bit (CR10) is high. 
Data Set Ready On 
Indicates the Data Set Ready input goes low and the Data Terminal Ready (DTR) bit (CR10) is high. 
Data Set Ready Off 
Indicates the Data Set Ready input goes high and the Data Terminal Ready (DTR) bit (CR10) is high. 
Ring On 
Indicates the Ring Indicator input goes low and the Data Terminal Ready (DTR) bit (CR10) is low. 
Each time an interrupt condition exists the INTR output from the ASTRO is made a logic low. The following 
interrupt procedure is then carried out even if the interrupt condition is removed. 


The Controller acknowledges the Interrupt request by setting the Chip Select (CS) and the Interrupt 
Acknowledge Input (IACK]) to the ASTRO to a low state. On this transition all non-interrupting devices receiving 
the |ACKI signal set their Interrupt Acknowledge Output (IACKO) low, enabling lower priority daisy-chained 
devices to respond to the interrupt request. The highest priority device that is interrupting will then set its RPLY 
line low. This device will place its 1D code on Bit Positions 7-3 of the DAL bus when a low RE signal is received. 
The data is removed from the DAL bus when the Read Enable (RE) signal returns to the logic one state. To reset 
the Interrupt condition (INTR) Chip Select (CS) and IACKI must be received by the ASTRO. 
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Pin No. 
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Symbol 





Description of Pin Functions 





Pin Name 1/0 Function 

POWER SUPPLY PS — 5Volts 

POWER SUPPLY PS + 5 Volts 

POWER SUPPLY PS + 12 Volts 

GROUND GND Ground 

MASTER RESET I The Control and Status Registers and other controls 
are cleared when this input is low. 

DATA AGCESS LINES 1/0 _ Eight-bit bi-directional bus used for transfer of data, 
control status, and address information. 

SELECT CODE | Five input pins which when hard-wired assign the 

| device a unique identification code used to select 
l the device when addressing and used as an 

I identification when responding to interrupts. 

| 

CHIP SELECT I The low logic transition of CS identifies a valid 
address on the DAL bus during Read and Write 
operations. 

READ ENABLE ' This input, when low, gates the contents of the 
addressed register from a selected ASTRO onto 
the DAL bus. 

WRITE ENABLE | This input, when low, gates the contents of the DAL 
bus into the addressed register of a selected 
ASTRO. 

INTERRUPT O This open drain output, to facilitate WIRE-ORing, 
goes low when any interrupt conditions 
occur. 

INTERRUPT | When the Controller (determining the interrupting 

ACKNOWLEDGE IN ASTRO) makes this input low, the ASTRO places 
its ID code on the DAL bus and sets reply low if itis 
interrupting, otherwise it makes IACKO a low. 

INTERRUPT —s_—— 0 _ This output goes low in response to a low IACK| if 

ACKNOWLEDGE OUT the ASTRO is not the interrupting device. 

REPLV re) This open drain output. to facilitate WIRE-ORing. 


goes low when the ASTRO is responding to being 
selected by an address on the DAL bus or in 
affirming that it is the interrupting source. 


Description of Pin Functions 
Pin No. Symbol Pin Name 1/0 Function 


30 Ri CLOCK RATES These four inputs accept four different local 32X 


| 
31 R2 I data rate Transmit and Receive clocks. The input on 
32 R3 I R4 may be divided down into a 32X clock from a 
33 R4 | 32X, 64X, 128X, or 256X clock input. The clock used 


in the ASTRO is selected by bits 0-2 of Control 
Register 2. 


37 BA TRANSMITTED DATA O This output is the transmitted serial data from the 
ASTRO. This output is held in a Marking condition 
when the transmitter section is not enabled. 
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27 BB RECEIVED DATA | This input receives serial data into the ASTRO. 


38 CA REQUEST TO SEND ' O This output is enabled by bit 1 of Control Register 1 
and remains in a low state during transmitted data 


from the ASTRO. 

36 CB CLEAR TO SEND I This input, when low, enables the transmitter 
section of the ASTRO. 

28 CC DATA SET READY I This input generates an interrupt when going ON or 


OFF while the Data Terminal Ready signal is ON. 
It appears as bit 6 in the Status Register. 





16 CD DATA TERMINAL O This output is generated by bit 0 in Control Register 
READY 1 and indicates Controller readiness. 
18 CE RING INDICATOR ! This input from the Data Set generates an interrupt 


when made low with Data Terminal Ready in the 
OFF condition. 


29 CF CARRIER DETECTOR | This input from the Data Set generates an interrupt 
when going ON or OFF if Data Terminal Ready is 
ON. It appears as bit 5 in the Status Register. 


35 DB TRANSMITTER | This input is the Transmitter 1X Data Rate Clock. 
TIMING lts use is selected by bits 0-2 of Control Register 2. 
The transmitted data changes on the negative 
transition of this signal. 





34 DD RECEIVER TIMING | This input is the Receiver 1X Data Rate Clock. Its 
use is selected by bits 0-2 of Control Register 2. The 
Received Data is sampled by the ASTRO on the 
positive transition of this signal. 


19 MISC MISCELLANEOUS O This output is controlled by bits 4 and 5 of Control 
Register 1 and is used as an extra programmable 
signal. 
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Device Programming 
The two 8-bit Control Registers of the ASTRO determine the operative conditions of the ASTRO chip. 


Control Register 1 


SYNC/ASYNC ASYNC (TRANS. ENABLED) SYNC/ASYNC SYNC/ASYNG SYNC/ASYNC 


0 — LOOP 0 — NONBREAK 0 — 1% or 2 STOP BIT 0 — NON ECHO MODE 0 — NO PARITY ENABLED | 0—RECEIVER | 0—SETSRTS | 0— SETS DIR 
E SELECTION 1 — AUTO ECHO MODE 1 — PARITY CHECK OUT =1 OUT =1 


MODE DISABLED 1 
1—NORMAL | 1—BREAK MODE | 1 — SINGLE STOP BIT ENABLED ON 1— RECEIVER | 1—SETSATS | 1— SETS OTR 
MODE 1X SELECTION SYNC (CR12=1) RECEIVER AND ENABLED 
—— PARITY GENERATION 
SYNC ASYNC (TRANS. DISABLED) | 0 — DLE STRIPPING ENABLED ON 


Al 
0 — TRANSMITTER | 0 — MISC OUT=1 1 — DLE STRIPPING 
NON TRANS- ENABLED 


OUT=0 OUT =0 


TRANSMITTER 
1 — MISC OUT=0 SYNC 
PARENT MODE are 
4—TRANSMITTER | SYNC (CR16=0) SYNC (CR12=0) 0 — RECEIVER PARITY 
TRANSPARENT | See CHECK 1S DISABLED 
MODE 0 — NO PARITY 0 — MISC OUT=1 1 — RECEIVER PARITY 
GENERATED 1— MISC OUT=0 CHECK 1S ENABLED 
1 — TRANSMIT PARITY 
ENABLED 
SYNC (CR16 = 1) 


0 — NO FORCE DLE 
1 — FORCE OLE 


Bit 0 

Controls the Data Terminal Ready output on Pin 16 to control the CD circuit of the Data Set. 

A logic 1 enables the Carrier and Data Set Ready interrupts. A logic 0 enables only the telephone line 
Ring interrupt. The DTR output is inverted from the state of CR10. 


Bit 1 

Controls the Request te Send output on Pin 38 to control the CA circuit of the Data Set. The RTS output 
is inverted from the state of CR11. A logic 1 combined with a low logic Clear to Send input enables 

the Transmitter and allows TBMT interrupts to be generated. A logic 0 disables the Transmitter and 
turns off the external Request to Send signal. Any character in the Transmitter Register will be 
completely transmitted before the Transmitter is turned off. The Request to Send output may be used 
for other functions such as Make Busy on 103 Data Sets. 


Bit 2 

A logic 1 enables the ASTRO to receive data into the Receiver Buffer, update Receiver Status 

Bits 1, 2, 3, and 4, and to generate Data Received interrupts. A logic 0 disables the Receiver and clears 
the Receiver Status bits. 


Bit 3 
Asynchronous Mode 


A logic 1 enables check of parity on received characters and generation of parity for transmitted 
characters. 


Synchronous Mode 
A logic 7 bit enabies check of parity on received cnaraciers only. Note: Transmitier parity enable is 
controlled by CR15. 





aes Asynchronous Mode 

A logic 1 enables the Automatic Echo mode when the receiver section is enabled. In this 

mode the clocked regenerated data is presented to the Transmitter Data output in place of normal 
transmission through the Transmitter Register. This serial method of echoing does not present any 
abnormal restrictions on the transmit speed of the terminal. Only the first character of a Break 

condition of all zeroes (null character) is echoed when a Line Break condition is detected. For all 
subsequent null characters, with logic zero Stop bits, a steady Marking condition is transmitted until 
normal character reception resumes. Echoing does not start until a character has been received and the 
Transmitter is idle. The Transmitter does not have to be enabled during the Echo mode. 


Synchronous Mode 
A logic 1, with the Receiver enabled does not allow assembled Receiver data matching the DLE 
register contents to be transferred to the Receiver Buffer; also, parity checking is disabled. 
When the Receiver is not enabled this bit controls the Miscellaneous output on Pin 19, which may be 
used for New Sync on a 201 Data Set. When operating with a 32X clock and a disabled Receiver, a logic 
1 on this bit also causes the Receiver timing to synchronize on Mark-To-Space transitions. 
ents Asynchronous Mode 
A logic 1, with the Transmitter enabled, causes a single Stop bit to be transmitted. A logic 0 causes 
transmission of 2 stop bits for character lengths of 6, 7, or 8 bits and one-and-a-half Stop bits fora 
character length of 5 bits. 
With the Transmitter disabled this bit controls the Miscellaneous output on Pin 19, which may be used 
for Make Busy on 103 Data Sets, Secondary Transmit on 202 Data Sets, or dialing on CBS Data Couplers. 


Synchronous Mode 
A logic 1 combined with a logic 0 on Bit 6 of Control Register 1 enables Transmit parity; if CR15-0 or 
CR16=1 no parity is generated. When set to alogic 1 with Bit 6 also a logic 1, the contents of the DLE 
register are transmitted prior to the next character loaded in the Transmitter Buffer as part of the 
Transmitter Transparent mode. 


Bit 6 

Asynchronous Mode 
A logic 1 holds the Transmitted Data output in a Spacing (Logic 0) condition, starting at the end of any 
current transmitted character, when the Transmitter is enabled. Normal Transmitter timing continues 


so that this Break condition can be timed out after the loading of new characters into the Transmitter Buffer. 


Synchronous Mode 
A logic 1 conditions the Transmitter to a transparent transmission which implies that idle transmitter 
time will be filled by DLE-SYN character transmission and a DLE character can be forced ahead of any 
character in the Transmitter Buffer (Bit 5 above). When forcing DLE transmission, Bit 5 should be set to 
alogic 1 prior to loading the Transmitter Buffer, otherwise the character in the latter register may be 
transferred to the Transmitter mL Reg ister prior to sending the DLE character. 


Bit7 


A logic 0 configures the ASTRO into an Internal Data and Control ‘idebe mode and disables the 
Ring interrupt. In this diagnostic mode the following loops are connected internally: 


a. The Transmit Data is connected to the Receive Data with the BA pin held in a Mark condition and 
the input to the BB pin disregarded. 


b. With a 1X clock selected, the Transmitter Clock also becomes the Receive Clock. 


c. The Data Terminal Ready (DTR) Control bit is connected to the Data Set Ready (DSR) input, with 
the Data Terminal Ready (DSR) output pin held in an OFF condition (logic high), and the DSR input 
pinis disregarded. 


d. The Request to Send Control bit is connected to the Clear To Send (CTS) and Carrier Detector r (CF) 
inputs, with the Request To Send (RTS) output pin held in an OFF condition (logic high), and the CTS 
and Carrier Detector input pins are disregarded. 





e. The Miscellaneous pin is held in an OFF (logic high) condition. 


A logic 1 on Bit 7 enables the Ring interrupt and returns the ASTRO to the normal full duplex 
configuration. 
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Control Register 2 


Control Register 2, unlike Control Register 1, cannot be changed at any time. This register should be 
changed only while both the receiver and transmitter sections of the ASTRO are in the idle state. 



































5 
SYNC/ASYNG MODE SELECT SYNC/ASYNC ASYNG SYNC/ASYNC 
CHARACTER LENGTH SELECT 0 — ASYNCHRONOUS o- EvEN PARITY o- ECE Basi CLK= CLOCK SELECT 

00=8 BITS MODE 1 — ODD PARITY 1 — RECEIVER CLOCK 000 — 1X CLOCK 

01 =7 BITS 1 — SYNCHRONOUS SELECT DETERMINED BY 001 — RATE 1 CLOCK 

10=6 BITS MODE : BITS 2-0 010 ~— RATE 2 CLOCK 

11=5 BITS 011 — RATE 3 CLOCK 
SYNC (CR16 = 0) 100 — RATE 4 CLOCK 
ee 101 — RATE 4 CLOCK + 2 
0 — NO SYN STRIP 110 — RATE 4 CLOCK + 4 
1 — SYN STRIP 111 — RATE 4 CLOCK + 8 








SYNC (CR16=1) 


0 — NO DLE-SYN STRIP 
1 — DLE-SYN STRIP 


Bits 0-2 
These bits select the Transmit and Receive clocks. 


Bits Clock Source 


1X Clock (Pin 35) 1X Clock (Pin 34) 
Rate 1 32X clock (Pin 30) 
Rate 2 32X clock (Pin31) * 


Rate 3 32X clock (Pin 32) * 
Rate 4 32X clock (Pin33) * ° 
Rate 4 32X clock (Pin 33) (+ 2 
Rate 4 32X clock (Pin 33) (+ 4 
Rate 4 32X clock (Pin33) (+ 8 











at st Ht OOO OO 
“~sO0O=-= 0 O 


NOTES: 
*Rx clock is modified by bit 3 in the asynchronous mode. 


tRate 4 is internally dividable so that the required 32X clock may be derived from an applied 64X, 128X, or 256X clock 
which may be available. 


Bits 3 

Asynchronous Mode 
A logic 0 selects the Rate 1 32X clock input (Pin 30) as the Receiver clock rate and a logic 1 selects the 
same clock rate for the Receiver as selected by Bits 2-0 for the Transmitter. This bit must be a logic 4 
for the 1X clock selection by Bits 2-0. 

Synchronous Mode 


A logic 1 causes all DLE-SYN combination characters in the Transparent mode when DLE strip (CR14) 
is alogic 1, or all SYN characters in the Non-transparent mode to be stripped out and no Data Received 
interrupt to be generated. The SYN Detect status bit is set with reception of the next assembled 
character as is transferred to the Receiver Buffer. 


Bit 4 

A logic 1 selects odd parity and a logic 0 selects even parity, when parity is enabled by CR13 

and/or CR15. 

Bit 5 

A logic 1 selects the Synchronous Character mode. A logic 0 selects the Asynchronous Character mode. 
Bits 6-7 

These bits select the full character length (including parity, if selected) as shown above. When parity is 
enabled it must be considered as a bit when making character length selection (5 bits plus parity =6 bits). 
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Status Register 


The data contained in the Status Register define Receiver and Transmitter data conditions and 
status of the Data Set. 


© Carrier eFraming | e DLE e Overrun | e Data e Transmitter 


Detector; Error =| Detect, Error Received | Buffer 
| 
| 


e Syn e Parity (DR) Empty 
Detect Error | (TBMT) 





Bit 0 

A logic 1 indicates that the Transmitter Buffer may be loaded with new data. It is set to a logic 1 

when the contents of the Transmitter Buffer is transferred to the Transmitter Register. Itis cleared when 
the Transmitter Buffer is loaded from the DAL bus, or when the Transmitter is disabled. 


Bit 1 
Alogic 1 indicates that an entire character has been received and transferred into the Receiver 
Buffer. It is cleared when the Receiver Buffer is read onto the DAL bus, or the Receiver is disabled. 


Bit 2 : 

A logic 1 indicates an Overrun error which occurs if the previous character in the Receiver 

Buffer has not been read and Data Received is not reset, at the time a new character is to be transferred 
to the Receiver Buffer. This bit is cleared when no Overrun condition is detected (the next character 
transfer time) or when the Receiver is disabled. 


Bit 3 
When the DLE Strip is enabled (CR14) the Receiver parity check is disabled and this bit is set to a logic 1 
if the previous character to the presently assembled character matched the contents of the DLE 
register; otherwise it is cleared. The DLE DET remains for one character time and is reset on the next 
character transfer or on a Status Register Read. If DLE Strip is not enabled this bit is set to a logic 1 
when the Receiver is enabled, Receiver parity (CR13) is also enabled, and the last received character 
has a Parity error. A logic 0 on this bit indicates correct parity. This bit is cleared in both modes when 
the Receiver is disabled. 
Bit 4 

Asynchronous Mode 
A logic 1 indicates that the received data did not have a valid stop bit, while the Receiver was enabled, 
which indicates a Framing error. This bit is set to a logic 0 if the stop bit (logic 1) was detected. 


Synchronous Mode 
A logic 1 indicates that the contents of the Receiver Register matches the contents of the SYN Register. 
The condition of this bit remains for a full character assembly time. If SYN strip (CR23) is enabled this 
status bit is updated with the character received after the SYN character. 


In both modes the bit is cleared when the Receiver is disabled. 


Bit 5 

This bit is the logic complement of the Carrier Detector input on Pin 29. 

Bit 6 

This bit is the logic complement of the Data Set Ready input on Pin 28. With 202-type Data Sets 
it can be used for Secondary Receive. 


Bit7 
This bit is set to a logic 1 whenever there is a change in state of the Data Set Ready or Carrier Detector 


inputs while Data Terminal Ready (CR10) is a logic 1 or the Ring Indicator is turned ON, with DTRa 
logic 0. This bit is cleared when the Status Register is read onto the DAL bus. 
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ENABLED 
(cata 













SET SYN DETECT 
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me ZZ wo eK 
Tas Joo] Tat be }=Theo 





RPLY 


———_—— TARL 


WRITE 


on ee eer ay ee 
BE pe 


cs 
TAWE — TWECSH = | TDS /e =| TOH}—-Twecs 
WE 


TWe 


[> TesrtF—e- 
RPLY 


<—a_—_—§ TARL 


INTERRUPT 








MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ......................005- Latte Bh eked Glee slo ves: 0°C to + 70°C 
Storage Temperature Range ......... 0.2... ccc ce cee eee ee eens —55°C to + 150°C 
Lead Temperature (soldering, 10 sec.) .... 0... ccc eee ene teens +325°C 
Positive Voltage on any Pin, with respect to ground. ........... 2.0.2. eee +18.0V 
Negative Voltage on any Pin, with respect to ground. ......... 0.2... cee eee eee —0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
ELECTRICAL CHARACTERISTICS 
(T,=0°C to 70°C, Veco = +5V 5%, Vop= +12V +5%, Vig =—S5V +5%, Veg = OV, unless otherwise noted) 


Parameter Min Typ. Max. Unit Comments 


























=z 

D.C. Characteristics = 
INPUT VOLTAGE LEVELS re 

Low Level, Vi, 0.8 V 

High Level, Vin 2.4 Vv 

OUTPUT VOLTAGE LEVELS 

Low Level, Vo. 0.4 V lo. = 1.6ma 

High Level, Voy 2.4 lon = 100 pa 
INPUT LEAKAGE 

Daia Bus 5.0 10.0 pa 0=Vin=5V 

All others 5.0 10.0 pa Vin= +12v 
POWER SUPPLY CURRENT 

loc 80.0 ma 

lop 10.0 ma 

leg 1.0 ma 
A.C. Characteristics T,=25°C 
CLOCK-RCP, TCP 

frequency 1.0 MHz 
DAL Bus 

Tas Address Sei-Up Time 0 ns 

Ta Address Hold Time 150 ns 

Tare Address to RPLY Delay 400 ns 

Tes CS Width 250 ns 

Tesrie CS to Reply OFF Relay 0 250 ns R, = 2.7 KQ 
Read a 

Tare Address and RE Spacing 250 ns 

Trees RE and CS Overlap 20 ns 

Trees RE to CS Spacing 250 ns 

Treo RE to Data Out Delay 180 ns C.=20 pf 
Write a 

Tawe Address to WE Spacing 250 ns 

TwecesH WE and CS Overlap 20 ns 

Twe WE Width 200 1000 ns 

Tos Data Set-Up Time 150 ns 

Tox Data Hold Time 100 ns 

Twees WE to CS Spacing 250 ns 
Interrupt = 

Test CS to IACKI Delay 0 ns 

Tesre CS to RE Delay 250 ns 

Tesren CS and RE Overlap 20 ns 

Trecs RE to CS Spacing 250 ns 

Tp IACK]! Pulse Width 200 ns 

Tiap IACKI to Valid ID Code Delay 250 ns See Note 1. 

Trep RE OFF to DAL Open Delay 180 ns 

Tare IACKI to RPLY Delay 250 ns See Note 1. 

Tesrtr CS to RPLY OFF Delay 18) 250 ns R,= 2.7KQO 

Th IACKI to [ACKO Delay 200 ns 

Tres RE OFF to IACKO OFF Delay 250 ns 


Note 1: If RE goes low after IACKI goes low, the delay will be from the falling edge of RE. 
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ASTRO #N 
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03009 di 


DATA BUS 
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OMMUNICATION 
CONTROLLER 


EPLY 


tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 


STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 


GwZaH Twesezreee devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 


We keep ahead of cur competition so you can keep ahead of yours. at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS COM 1863 


SCE COM 8018 
—— [LPC FAMILY 






Universal Asynchronous Receiver/Transmitter 
| UART | 


PIN CONFIGURATION 
FEATURES 


LC) Compatible with TR1863. timing 


CX High accuracy 32X clock mode: 48.4375% Receiver Distortion 
Immunity and improved RDA/ROR operation (COM 8018 only) 


C] High Speed Operation—62.5K baud, 200ns strobes 
C1 Single +5V Power Supply 
U1 Direct TTL Compatibility—no interfacing circuits required 


L] Input pull-up options: COM 8018 has low current pull-up 
resistors; COM 1863 has no pull up resistors 


LJ Full or Half Duplex Operation—can receive and transmit 
simultaneously at different baud rates 


CO Fully Double Buffered—eliminates need for precise external 
timing 

C] Improved Start Bit Verification—decreases error rate 

L] 46.875% Receiver Distortion Immunity 


O Fully Programmable—data word length; parity mode; number 
of stop bits: one, one and one-half, or two 


L] Master Reset— Resets all status outputs and Receiver Buffer 


= 
jews) 
_ 
Qo 
Ld 
Yn 





1 
2 
3 
4 
5 
6 
7 
8 


PACKAGE: 40-Pin D.1.P. 





Register 
Cl Three State Outputs—bus structure oriented FUNCTIONAL BLOCK DIAGRAM 
[1] Low Power— minimum power requirements ; TD1 TD2 TD3 TD4 TDS TO6 TD7 TDS 


(J Input Protected— eliminates handling problems 
(C1 Ceramic or Plastic DIP Package—easy board insertion 


CL] Baud Rates available from SMC’s COM 8046, COM 8116, 
COM 8126, COM 8136, COM 8146 baud rate generators 





GENERAL DESCRIPTION TIMING AND CONTROL TRANSMITTER 7 


The Universal Asynchronous Receiver/Transmitter is an TT ae 
MOS/LSI monolithic circuit that performs all the receiving and 6 oo | 
transmitting functions associated with asynchronous data 
communications. This circuit is fabricated using SMC’s CONTROL 

patented COPLAMOS® technology and employs depletion 38 REGISTER | 153] por 
mode loads, allowing operation from a single +5V supply. The REGISTER {| 19) aoa 
duplex mode, baud rate, data word length, parity mode, and — is|—— 
number of stop bits are independently programmable through ie 


the use of external controls. There may be 5, 6, 7, or 8 data 
bits, odd/even or no parity, and 1 or 2 stop bits or 1.5 stop bits 
when utilizing a 5-bit code. These programmable features 


provide the user with the ability to interface with all ig 
asynchronous peripherals. 
SHIFT 
REGISTER 


*If pin 2 is taken to a logic 1 the COM 8018 will operate in a high 





accuracy mode. If pin 2 is connected to — 12V, GND, a valid logic 
zero, or left unconnected, the high accuracy feature is disabled, 5 |e by Je |e fio fu | 
and the UART will operate in a 16X clock mode. Pin 2 is not con- RD8 RD7 RD6 RDS RD4 RDS RD2 RDI 


nected on the COM 1863. 
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DESCRIPTION OF OPERATION— TRANSMITTER 


At start-up the power is turned on, a clock whose 
frequency is 16 or 32 times the desired baud rate is 
applied, and master reset is pulsed. Under these 
conditions TBMT, TEOC, and TSO are all at a high 
level (the line is marking). 


When TBMT and TEOC are high, the control bits 
may be set. After this has been done the data bits 
may be set. Normally, the control bits are strobed 
into the transmitter prior to the data bits. However, 
as long as minimum pulse width specifications 
are not violated, TDS and CS may occur simulta- 
neously. Once the data strobe (TDS) has been 
pulsed, the TBMT signal goes low, indicating that 
the data bits buffer register is full and unavailable to 
receive new data. 


If the transmitter shift register is transmitting pre- 
viously loaded data the TBMT signal remains low. 
If the transmitter shift register is empty, or when itis 
through transmitting the previous character, the 
data in the buffer register is loaded immediately into 
the transmitter shift register and data transmission 


commences. TEOC goes low, TSO goes low (the 
start bit), and TBMT goes high indicating that the 
data in the data bits buffer register has been loaded 
into the transmitter shift register and that the data 
bits buffer register is available to be loaded with 
new data. 


If new data is loaded into the data bits buffer register 
at this time, TBMT goes lowandremainsinthisstate 
until the present transmission is completed. One 
full character time is available for loading the next 
character with no lossin speed of transmission. This 
is an advantage of double buffering. 


Data transmission proceeds in an orderly manner: 
start bit, data bits, parity bit (if selected), and the 
stop bit(s). When the last stop bit has been on the 
line for one bit time TEOC goes high. If TBMT is 
low, transmission begins immediately. If TBMT is 
high the transmitter is completely at rest and, if 
desired, new control bits may be loaded prior to the 
next data transmission. 


TRANSMITTER BLOCK DIAGRAM 


ODD/EVEN 

PARITY SELECT 
NUMBER OF 
DATA BITS 


NO NUMBER 
PARITY STOP BITS 


CONTROL 
STROBE CONTROL BITS HOLDING REGISTER 


TO | 
RECEIVER | 


16X or 32X 


DATA BITS HOLDING REGISTER 


DBS DB7 DB6 DBS DB4 DB3 DB2 DBI 


BUFFER DATA STROBE 


STEERING LOGIC 


R 
F/F 


CLOCK TIMING GENERATOR [| 9] O80 TRANSMITTER SHIFT REGISTER 
OUTPUT 
LOGIC 


TRANSMITTER 
BUFFER 
EMPTY 


SERIAL 
OUTPUT 


CHARACTER 





DESCRIPTION OF OPERATION — RECEIVER 


At start-up the power is turned on, a clock whose 
frequency is 16 or 32 times the desired baud rate is 
appiied and master reset is pulsed. The data 
available (RDA) signal is now low. There is one set 
of control bits for both the receiver and transmitter. 


Data reception begins when the serial input line 
transitions for mark (high) to space (low). If the 
RSI line remains spacing for 15/32 to 17/32 bit 
times (in the 16X mode, HIACC = 0) or 31/64 to 
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33/64 bit times (in the 32X mode, HIACC = 1), a 
genuine start bit is verified. Should the line return 
to a marking condition prior to a 1/2 bit time, the 
start bit verification process begins again. A mark 
to space transition must occur in order to initiate 
start bit verification. Once a start bit has been 
verified, data reception proceeds in an orderly 
manner: start bit verified and received, data bits 
received, parity bit received (if selected) and the 
stop bit(s) received. 











If the received parity bit is incorrect, the parity 
error flip-flop of the status word buffer register is 
set high, indicating a parity error. However, if the 
no parity mode is selected, the parity error flip- 
flop is unconditionally held low, inhibiting a parity 
error indication. If a stop bit is not received, the 
framingerror flip-flop is set high, indicating a fra- 
ming error. 


On the negative RCP edge preceding the stop-bit 
center sample, internal logic looks at the data 
available (RDA) signal. If, at this instant, the RDA 
signal is high, or the RDAR signal is low, the 





receiver assumes that the previously received 
character has not been read out and the over-run 
flip-flop is set high. The only way the receiver is 
aware that data has been read out is by having the 
data available reset low. 


Subsequently the RDA output goes high indicating 
that all outputs are available to be examined. The 
receiver shift register is now available to begin re- 
ceiving the next character. Due to the double buf- 
fered receiver, a full character time is available to 
remove the received character. 


RECEIVER BLOCK DIAGRAM 


RD8 RD? RD6 ROS RD4 RDZ3 RD2 RO1 


3-STATE BUFFER 


DATA BITS HOLDING REGISTER 
BUFFER 


CONTROL 
BITS FROM 


VERIFICATION oat a ge CHECKING ee 
16X or 32X 
CLOCK | TIMING GENERATOR | a 





FRAMING 
ERROR 


OVER RUN PARITY ERROR 


DATA TRANSMITTER 
AVAILABLE BUFFER EMPTY 


STATUS 
WORD 3-STATE BUFFER 
ENABLE 


RESET DATA STATUS WORD 


HOLDING REGISTER 


Fae: ee 


HOLDING ___ 
SERIAL | SARA | BIT | cHESRING cic all BIT RECEIVER SHIFT 
INPUT cp REGISTER 


DESCRIPTION OF PIN FUNCTIONS 






ie SYMBOL NAME 
















5-12 RD8-RD1 Receiver Data 
Outputs 
a 








Error 


~ FUNCTION 
Power Supply +5 | +5votsuppy | +5votsuppy 


HIACC High Accuracy Enables 32X clock and improved RDA/ROR operation. 
Mode See NOTE on high accuracy mode. 
ae a a Te 
Received Data A low-level input enables the outputs (RD8-RD1) of the 
Enable receiver buffer register. 


These are the eight 3-state data outputs enabled by RDE. 
Unused data output lines,as selected by NDB1 and NDB2, 
have a low-level output, and received characters are right 
justified, i.e. the LSB always appears on the RD1 output. 


This 3-state output (enabled by SWE) is at a high-level if 
the received character parity bit does not agree with the 
selected parity. 


14 RFE Receiver Framing This 3-state output (enabled by SWE) is at a high-level if 
. Error the received character has no valid stop bit. 












=z 
oO 
rang 
o 
pre 
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DESCRIPTION OF PIN FUNCTIONS 


| PIN'NO.| SYMBOL NAME | FUNCTION 


This 3-state output (enabled by SWE) is at a high-level if 
the previously received character is not read (RDA output 
‘reset not completed) before the present character is 

transferred into the receiver buffer register. 









Receiver Over 
Run 








Status Word 
Enable 








A low-level input enables the outputs (RPE, RFE, ROR, 
RDA, and TBMT) of the status word buffer register. 


RCP Receiver Clock This input is a clock whose frequency is 16 times (16X) or 
32 times (32X) the desired receiver baud rate. 



















Receiver Data 
Available Reset 


A low-level input resets the RDA output to a low-level. 
must have gone low and come high again before 
ROR is sampled to avoid overrun indication. 








This 3-state output (enabled by SWE) is at a high-level 
when an entire character has been received and transferred 
into the receiver buffer register. 


Receiver Data 
Available 






i 
Receiver Serial 


R 












This input accepts the serial bit input stream. A high-level 
(mark) to low-level (space) transition is required to initiate 
data reception. 





This input should be pulsed to a high-level after power 
turn-on. This sets TSO, TEOC, and TBMT to a high-level 
and resets RDA, RPE, RFE,ROR and RD1-RD8 to a low-level. 








TBMT Transmitter This 3-state output (enabled by SWE) is at. a high-level 





Buffer Empty when the transmitter buffer register may be loaded with 
new data. 
23 Transmitter A low-level input strobe enters the data bits into the 
Data Strobe transmitter buffer register. 
: This output appears as a high-level during the last half 
24 TEOC ee clock cycle of the last stop bit. It remains at this level 
until the start of transmission of the next character or 
for one-half of a TCP period in the case of continuous 
transmission. 


DAR 
RDA 
TDS 
TSO" 





Transmitter This output serially provides the entire transmitted 
Serial Output character. TSO remains at a high-level when no data is 
being transmitted. 


Data Inputs Unused data input lines, as selected by NDB1 and NDB2, 
| may be in either logic state. The LSB should always be 


‘ Th 
pracea OF iui. 


26-33 TD1-TD8 | Transmitter There are 8 data input lines (strobed by TDS) available. | 








A high-ievei input enters the controi bits (NDB1, NDB2, 
NSB, POE and NPB) into the control bits holding register. 
This line may be strobed or hard wired to a high-level. 


34 ~~ | Coniroi Strobe 








No Parity Bit A high-level input eliminates the parity bit from being 
transmitted: the stop bit(s) immediately follow the last data 


bit. In addition, the receiver requires the stop bit(s) to follow 
immediately after the last data bit. Also, the RPE output is 
forced to a low-level. See pin 39, POE. 
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DESCRIPTION OF PIN FUNCTION 


-PINNO.| SYMBOL NAME FUNCTION 


Number of This input selects the number of stop bits. Alow-level input 
Stop Bits selects 1 stop bit; a high-level input selects 2 stop bits. 
Selection of two stop bits when programming a 5 data bit 
word generates 1.5 stop bits. 


These 2 inputs are internally decoded to select either 5, 6, 7, 
or 8 data bits/character as per the following truth table: 


NDB2 NDB1 data bits/character 
L L 



























Number of Data 
Bits/Character 















L H 
H L 
H H 
The logic level on this input, in conjunction with the NPB 
input, determines the parity mode for both the receiver and 
transmitter, as per the following truth table: 


NPB POE MODE 


















Odd/Even Parity 
Select 

















L L odd parity 
L H even parity 
H X no parity 


X = don’t care 


This input is a clock whose frequency is 16 times (16X) or 
32 times (32X) the desired transmitter baud rate. 


TRANSMITTER START-UP 


Transmitter 
Clock 


TRANSMITTER TIMING — 
8 BIT, PARITY, 2 STOP BITS 














RECEIVER TIMING — START BIT DETECT AND VERIFY 


8 BIT, PARITY, 2 STOP BITS 8 9 +16x 
‘ 1 2 16 7 *-32X 
nee eee ee ie ek ele 


RSI | START [DATA 1 cence [DATA aleanity| STOP 1 STOP 2| START 
CENTER BIT » 4 — eases 
SAMPLE | | | | | | | 


center sample 


minimum continuous low 
required for start-bit verification 





RECEIVER TIMING DETAIL 


{stop bit center sample 





RDA oe men ow ww oe oe eee ee = = 


(HIACC = @) 


RDA a aa a a | 


(HIACC = 1) 
RD1-RD8, 
ROR 
RPE, RFE x 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range .......... 0... cece cece cee cece cee ee te eeeetteeeeurees o°Cto+ 70°C 
storage Temperature Range = sc::5 e543 hese eva Dew See bbw bee ea a AGA ee Ra bee SS —55°C to +150°C 
Lead Temperature (Soldering, 10 S@C.) . 0... ccc ec ce cee cee tte ence eet ee ent teteenete +325° C 
Positive Voltage on any Pin, with respect to ground ......... 0. ccc cee cee cc eect ence eeecees +8.0V 
Negative Voltage on any Pin (except Pin 2), with respect to ground .............ccccc cee ceees —0.3V 
Negative Voltage on Pin 2, with respect to ground 1.0.0... . cece cee cee tects e teen eaaeees -13.2V 


Stresses above those listed may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at any other condition above 
those indicated in the operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, itisimportant 
that the Absolute Maximum Ratings not be exceeded or device failure can result. Some 
power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power is 
switched on and off. In addition, voltage transients on the AC power line may appear on the 
DC output. If this possibility exists it is suggested that at clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Voo=+5V +5%, unless otherwise noted) 



































Parameter Max. | Unit Comments 
D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 
Low-level, ViL 0.8 V 
High-level, Vin V 
OUTPUT VOLTAGE LEVELS 
Low-level, Vot 0.4 Vo Hotr=1.6mA 
High-level, Vou V | lon =—100uA 
INPUT CURRENT 
Low-level, fit 300 uA |Vin = GND, COM 8018 only 
INPUT LEAKAGE +10 LA | COM 1863 only 
OUTPUT CURRENT oe Pees 
Leakage, ILo +10 vA |SWE=RDE= Vin, 0 < Vout <= +5V 
Short circuit, los** 40 mA | Vout =O0V 


INPUT CAPACITANCE 
All inputs, Cin 
OUTPUT CAPACITANCE 

















All outputs, Cout 10 20 | pf |SWE=RDE=Vin 
POWER SUPPLY CURRENT | 

Icc 25 | mA |Alloutputs =Vok, All inputs = Voo 

A.C. CHARACTERISTICS Ta = +25°C, See Timing Diagrams 

CLOCK FREQUENCY DC 1.0 | MHz | RCP, TCP 
PULSE WIDTH 

Clock 0.45 us |RCP. TCP 

Master reset 500 ns |MR 

Control strobe 200 ns {CS _ 

Transmitter data strobe 200 ns | TDS 

Receiver data available reset 200 ns |RDAR 
INPUT SET-UP TIME 

Data bits . 0 ns |TD1-TD8 

Control bits 0 ns | NPB, NSB, NDB2, NDB1, POE 
INPUT HOLD TIME | 

Data bits | 0 | | | ns |TD1-TD8 

Control bits 0 ns_ |NPB, NSB, NDB2, NDB1t, POE 
ENABLE TO OUTPUT DELAY | | | | | Load = 20pf +1 TTL input 

Receive data enabie | 250 ns | RDE: Teo, Tepo 

Status word enable | | 250 ns | SWE: Tpep1, Tepo 
OUTPUT DISABLE DELAY | 250 L n oe SW 








**Not more than one output should be shorted at a time. 


NOTES: 1. if the transmitter is inactive (TEOC and TBMT are ata high-level) the start bit will appear on the TSO line within 


1% clock period (TCP) after the trailing edge of TDS. 


2. The start bit (mark to space transition) will always be detected within one RCP clock period, guaranteeing 


a maximum start bit slippage of £1/32 or 41/64 ofa bit time. 


3. The 3-state output has 3 states: 1) lowimpedancetoVop_2)lowimpedancetoGND 3) high impedance OFF = 


10M ohms The “OFF” state is controlled by the SWE and RDE inputs. 
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DATA/CONTROL TIMING DIAGRAM 


TDS Vio 
Vit 
TPw 
TseT-uP ey be = k<— THOLD 
: | 
VIH 
DATA INPUTS Vie 
t=t;=20ns 
TseT-up =O 
THOLD 20 
Tew: 
cs Vin 
VIL 
TSeT-uP THOLD 
CONTROL INPUTS ae 
IL 


“Input information (Data/Control) need only be valid during 
the last Tew, min time of the input strobes (TDS, CS). 


OUTPUT TIMING DIAGRAM 


DE, SWE 


OUTPUTS 
(RD1-RD8, RDA, 
RPE, ROR, RFE, TBMT) 


Tep1, TPDO 


NOTE: Waveform drawings not to scale for clarity. 





ADDITIONAL TIMING INFORMATION 


«——— 200ns TDS i Vin 
Vit Se eS ee | 











Vou 
RDA + 300ns = 
TCP 
Vit 
TCP 
=500ns 
TEOC TSO 
Vor 
TCP 
TBMT 
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NOTES ON COM 8018 AND COM 1863 
HIGH-ACCURACY AND IMPROVED 
RDA/ROR MODE 


The HIACC mode is enabled by applying a logic 
“one” to pin 2. If this pin is left unconnected, or 
connected to GND, —12V, or a logic “zero,” the 
HIACC mode is disabled. The HIACC input has an 
internal pull-down resistor. 


When the HIACC mode is selected, the TX and RX 
halves both operate on 32X instead of 16X clocks. 
Also, RDA is notched during the one half receiver 
clock cycle preceding the stop bit center sample 
when RD1-RD8 and ROR are changing. 


Whether or not the HIACC mode is selected, RDA 
must be low and RDAR must have returned high to 
avoid setting ROR. If RDAR is held low past the 
stop-bit center sample, RDA will go high after RDAR 
returns high. 


The maximum current HIACC will supply if con- 
nected to —13.2V is 3.5mA. 





IMPROVED RDA/ROR OPERATION 
TIMING DIAGRAMS 


RD1-RD8, and ROR determined 


Stop bit center sample 





RDAR at last possible moment 
and not get ROR 


RD1-RD8, and ROR determined 


Stop-bit center sample 


RCP 


RDA | | 
RDAR | | 
ROR | 





RD1-RD8, and ROR determined 


Ser center sample 


RDA | | 


Protection against missing the ROR flag 
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1. TURN POWER ON 
2. PULSE MASTER RESET 





TBMT =1 
TEOC =1 
TSO = 1 (STOP BIT) 









FLOW CHART—TRANSMITTER 


3. SELECT BAUD RATE—16X or 32X CLK 





FLOW CHART— RECEIVER 


1. TURN POWER ON 
2. PULSE MASTER RESET 

3. SELECT BAUD RATE—16X OA 32x CLK 
4. SET CONTROt BITS 







HAS 

THE LINE 

TRANSITIONED 

FROM MARKING TO 

SPACING 
? 







HAS 

A START 

BIT SEEN VERIFIED? 
8-16X CLK 






























or 
16-32X CLK, 











LOAD START BIT INTO 
RECEIVER SHIFT REGISTER 
















HAS 
1 BIT TIME 
ELAPSED ? 


SHIFT AND LOAD DATA BIT INTO 
RECEIVER SHIFT REGISTER 





HAS THE 
SELECTED NUMBER 
OF DATA BITS BEEN 
RECEIVED 













1 BIT TIME 
ELAPSED ? 


‘a ROP 
BEFORE STOP- BIT 
CENTER 


SAMPLE? 





YES 
SHIFT 1 BIT RIGHT IN THE 
TRANSMITTER SHIFT REGISTER 





TRANSMIT START BIT, DATA 
BITS, SELECTED PARITY MODE, 
AND STOP BIT(S) 











IS BOTH RDA = O 
AND =17 
SET ROR 










HAS 
THE LAST 
STOP BIT BEEN ON THE 
LINE FOR 1 BIT 
TIME 7 


RESET ROR 






RESET ADA 


TRANSFER DATA TO ADI-RDS 








TEOC=1 TSO=1 


STOP-8IT 
CENTER 
SAMPLE? 






ARE 
THERE NEW 


CONTROL BITS Yes 





YES 


SET/RESET RFE 
SET/RESET RPE 


| 1 
SET RDA 


STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 


SET CONTROL BITS— PULSE CS 
SET DATA BITS 
HAS 
TDS BEEN 
PULSED 
> 
YES 
TBMT =0 
is 
TRANSMITTER 
SHIFT REGISTER 
EMPTY ? 
(TEOC = 1) 
YES 
1. LOAD TRANSMITTER SHIFT REGISTER 
2. TEOC =0 
3. TSO = 0 (STAAT BIT) 
HAS 


tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
‘ information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
Bs isc tial aris assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
(5161273-3100 TWX-510-207-8898 © devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
We keep ahead of our competition so you can keep ahead of yours. at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS sts COM2502 
— COM2017 
COM2502/H 
COM2017/H 
Universal Asynchronous Receiver/Transmitter 
UART Pin Configuration 


C] Direct TTL Compatibility — no interfacing circuits © 
required 


=z 
Oo 
— 
Oo 
us 
ie) 





C Full or Half Duplex Operation—can receive and 
transmit simultaneously at different baud rates 


DON OO BR WD = 


L] Fully Double Buffered — eliminates need for precise 
external timing 


XC Start Bit Verification — decreases error rate 


ee ee ee ee 


C1 Fully Programmable — data word length, parity mode, 
number of stop bits; one, one and one-half, or two 


L] High Speed Operation — 40K baud, 200ns strobes 


40 
39 
38 
37 
Ko) 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 


L] Master Reset— Resets all status outputs 





PACKAGE: 40-Pin D.1.P. 
C Tri-State Outputs — bus structure oriented 


L) Low Power— minimum power requirements Functional Block Diagram 
ZC input Protected — eliminates handling problems ~t Tb2 TD3 TD4 TD5 TD6 TD7 TD 


LJ Ceramic or Plastic Dip Package— easy board insertion 


TRANSMITTER BUFFER REGISTER 
Ls = 
GENERAL DESCRIPTION 
The Universal Asynchronous Receiver/Transmitter is Ty OO CISTER 


an MOS/LSI monolothic circuit that performs all the 
receiving and transmitting functions associated with 
asynchronous data communications. This circuit is 
fabricated using SMC’s P-channel low voltage oxide- 


nitride technology. The duplex mode, baud rate, data 

word length, parity mode, and number of stop bits are 

independently programmable through the use of exter- RECEIVER 

nal controls. There may be 5, 6, 7 or 8 data bits, odd/even REGISTER 

or no parity, and 1, or 2 stop bits or 1.5 stop bits when 

utilizing a 5-bit code from the COM 2017 or COM 2017/H. 

The UART can operate in either the full or half duplex 


mode. These programmable features provide the user 
with the ability to interface with all asynchronous 
peripherals. 


RD8 RD7 RD6 RD5 RD4 RDS RD2 RD1 
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DESCRIPTION OF OPERATION— TRANSMITTER 


At start-up the power is turned on, a clock whose 
frequency is 16 times the desired baud rate is 
applied and master reset is pulsed. Under these 
conditions TBMT, TEOC, and TSO are all at a high 
level (the line is marking). 


When TBMT and TEOC are high, the control bits 
may be set. After this has been done the data bits 
may be set. Normally, the control bits are strobed 
into the transmitter prior to the data bits. However, 
as long as minimum pulse width specifications 
are not violated, TDS and CS may occur simulta- 
neously. Once the date strobe (TDS) has been 
pulsed the TBMT signal goes low, indicating that 
the data bits buffer register is full and unavailable to 
receive new data. 


If the transmitter shift register is transmitting pre- 
viously loaded data the TBMT signal remains low. 
If the transmitter shift register is empty, or when itis 
through transmitting the previous character, the 
data in the buffer register is loaded immediately into 
the transmitter shift register and data transmission 


commences. TSO goes low (the start bit), TEOC 
goes low, the TBMT goes high indicating that the 
data in the data bits buffer register has been loaded 
into the transmitter shift register and that the data 
bits buffer register is available to be loaded with 
new data. 


lf new data is loaded into the data bits buffer register 
at this time, TBMT goes lowand remainsin this state 
until the present transmission is completed. One 
full character time is available for loading the next 
character with no lossinspeed of transmission. This 
is an advantage of double buffering. 


Data transmission proceeds in an orderly manner: 
start bit, data bits, parity bit (if selected), and the 
stop bit(s). When the last stop bit has been on the 
line for one bit time TEOC goes high. If TBMT is 
low, transmission begins immediately. If TBMT is 
high the transmitter is completely at rest and, if 
desired, new control bits may be loaded prior to the 
next data transmission. 


TRANSMITTER BLOCK DIAGRAM 


ODD/EVEN 
PARITY SELECT 


NO NUMBER 
PARITY STOP BITS 


CONTROL BITS HOLDING REGISTER 


NUMBER OF 
DATA BITS 


CONTROL 
STROBE 


TO 
RECEIVER 


DATA BITS HOLDING REGISTER 


STEERING LOGIC 
fl 0. 


DBS DB7 DB6 DBS DB4 D0B3 DB2 DBI 


BUFFER DATA STROBE 


TRANSMITTER 
BUFFER 


ne oa 


TIMING GENERATOR [_[~ 3] LOAD) TRANSMITTER SHIFT REGISTER SERIAL 
SHIET OUTPUT 
OUTPUT 
LOGIC 
PARITY BIT GENERATION LOGIC 4 


END OF 
CHARACTER 





DESCRIPTION OF OPERATION — RECEIVER 


At start-up the power is turned on, a clock whose 
frequency is 1S times the desired baud rate is applied 
and master reset is pulsed. The data available (RDA) 
signal is now low. There is one set of control bits for 


both the receiver and transmitter. 


Data reception begins when the serial input line 
transitions from mark (high) to space (low). If the 
RSI line remains spacing for a1/2 bittime, agenuine 
start bit is verified. Should the line return toa mark- 
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ing condition prior toa 1/2 bit time, the start bit veri- 
fication process begins again. A mark to space 
transition must occur in order to initiate start bit 
verification. Once a start bit has been verified, data 
reception proceeds in an orderly manner: start bit 
verified and received, data bits received, parity bit 


received (if selected) and the stop bit(s) received. 


If the transmitted parity bit does not agree with the 
received parity bit, the parity error flip-flop of the 





status word buffer register is set high, indicating a 
parity error. However, if the no parity mode is se- 
lected, the parity error flip-flop is unconditionally 
held low, inhibiting a parity error indication. If a 
stop bitis not received, due to animproperly framed 
character, the framing error flip-flop is set high, 
indicating a framing error. 


Once a full character has been received internal 
logic looks at the data available (RDA) signal. If, at 


not been read out and the over-run flip-flop is set 
high. The only way the receiver is aware that data 
has been read out is by having the data available 
reset low. 


At this time the RDA output goes high indicating 
that all outputs are available to be examined. The 
receiver shift register is now available to begin re- 
ceiving the next character. Due to the double buf- 
fered receiver, a full character time is available to 
remove the received character. 


this instant, the RDA signal is high the receiver 
assumes that the previously received character has 


SECTION Hi 


RECEIVER BLOCK DIAGRAM 


FRAMING 
ERROR 


OVER RUN PARITY ERROR 


TRANSMITTER 
BUFFER EMPTY 


RD8 RD7 RDG RDS RD4 RDZ RD2 RDI 


AND GATE 


DATA 
AVAILABLE 


RESET DATA 
AVAILABLE 


STATUS WORD 
HOLDING REGISTER 


CONTROL 
BITS FROM 


HOLDING 
REGISTER 


SERIAL START BIT PARITY BIT ag RIGHT RECEIVER SHIFT 
INPUT VERIFICATION S CHECKING LOGIC a JUSTIFY LOGIC i cp REGISTER 


16xR 
CLOcK TIMING GENERATOR 





DESCRIPTION OF PIN FUNCTIONS 












































PINNO. SYMBOL NAME FUNCTION 
1 Vcc Power Supply +5 volt Supply 
2 Vpp Power Supply —12 volt Supply 
3 GND Ground Ground 
4 RDE Received Data A low-level input enables the outputs (RD8-RD1) of the 
Enable receiver buffer register. 
5-12 RD8-RD1 Receiver Data These are the 8 tri-state data outputs enabled by RDE. 
Outputs Unused data output lines, as selected by NDB1 and NDB2, 
have a low-level output, and received characters are right 
justified, i.e. the LSB always appears on the RD1 output. 
13 RPE Receiver Parity This tri-state output (enabled by SWE) is at a high-level if 
Error the received character parity bit does not agree with the 
selected parity. 
14 RFE Receiver Framing This tri-state output (enabled by SWE) is at a high-level if 


Error the received character has no valid stop bit. 
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PIN NO. 


15 


16 


17 


18 


19 


20 


21 


22 


23 


SYMBOL 


ROR 


SWE 


RCP 


RDAR 


RDA 


RSI 


MR 


TBMT 


TDS 


DESCRIPTION OF PIN FUNCTIONS 


NAME 


Receiver Over 
Run 


Status Word 


Enable 


Receiver Clock 


Receiver Data 
Available Reset 


Receiver Data 
Available 


Receiver Serial 
Input 


Master Reset 


Transmitter 
Buffer Empty 


Transmitter 
Data Strobe 








FUNCTION 





This tri-state output (enabled by SWE) is at a high-level if 

the previously received character is not read (RDA output 
not reset) before the present character is transferred into 

the receiver buffer register. 





A low-level input enables the outputs (RPE, RFE, ROR, 
RDA, and TBMT) of the status word buffer register. 


This input is a clock whose frequency is 16 times (16X) the 
desired receiver baud rate. 


A low-level input resets the RDA output to a low-level. 


This tri-state output (enabled by SWE) is at a high-level 
when an entire character has been received and transferred 
into the receiver buffer register. 





This input accepts the serial bit input stream. A high-level 
(mark) to low-level (space) transition is required to initiate 
data reception. 


This input should be pulsed to a high-level after power 
turn-on. This sets TSO, TEOC, and TBMT to a high-level 
and resets RDA, RPE, RFE and ROR to a low-level. 


This tri-state output (enabled by SWE) is at a high-level 
when the transmitter buffer register may be loaded with 
new data. 





A low-level input strobe enters the data bits into the 


transmitter buffer register. 


24 


25 


26-33 


@ 
ft 


35 


TEOC 


TSO 


TD1-TD8 


2) 
o 


NPB 


Transmitter End 
of Character 


Transmitter 


Serial Output 


Transmitter 


Data Inputs 


Coniroi Sirobe 


No Parity Bit 


This output appears as ahigh-leveleachtimea full character 
is transmitted. It remains at this level until the start of 
transmission of the next character or for one-half of a TCP 
period in the case of continuous transmission. 





This output serially provides the entire transmitted 
character. TSO remains at a high-level when no data is 
being transmitted. 





There are 8 data input lines (strobed by TDS) available. 
Unused data input lines, as selected by NDB1 and NDB2, 
may be in either logic state. The LSB should always be 


anlaanA san 


TR 
piaCea Gi 1 Dt. 





A high-ievei input enters the controi bits (NDB1, NDB2, 
NSB, POE and NPB) into the control bits holding register. 
This tine may be strobed or hard wired to a high-level. 





A high-level input eliminates the parity bit from being 
transmitted; the stop bit(s) immediately follow the last data 
bit. In addition, the receiver requires the stop bit(s) to follow 
immediately after the last data bit. Also, the RPE output is 
forced to a low-level. See pin 39, POE. 
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DESCRIPTION OF PIN FUNCTION 


























PINNO. SYMBOL NAME FUNCTION 
36 NSB Number of This input selects the number of stop bits. A low-level input 
Stop Bits selects 1 stop bit; a high-level input selects 2 stop bits. 
Selection of 2 stop bits when programming a 5 data bit word 
generates 1.5 stop bits from the COM 2017 or COM 2017/H. 
37-38 NDB2, Number of Data These 2 inputs are internally decoded to select either 5, 6, 7, 
NDB1 Bits/Character or 8 data bits/character as per the following truth eee: 
NDB2 NDB1 data bits/character 
L L 5 
L H 6 
H L 7 
H H 8 
39 POE Odd/Even Parity The logic level on this input, in conjunction with the NPB 
Select input, determines the parity mode for both the receiver and 
transmitter, as per the following truth table: 
NPB POE MODE 
L L odd parity 
L H even parity 
H X no parity 
X = don’t care 
40 TCP Transmitter This input is a clock whose ireavency) is 16 times (16X) the 
Clock desired transmitter baud rate. 


TRANSMITTER TIMING —8 BIT, PARITY, 2 STOP BITS 
of 
ee ee) Se as 
sso san Sa Jon STOR Tore sr 
TEOC | time | 
TRANSMITTER START-UP 
camry ae om (al Le) ie 
= > ==, 43h 


Upon data transmission initiation, or when not transmitting at 100% line utilization, the start bit will be placed 
on the TSO line at the high to low transition of the TCP clock following the trailing edge of TDS. 


RECEIVER TIMING—8 BIT, PARITY, 2 STOP BITS 


RSI | START [OATA TT eteee [DATA rABh g [PARITY] STOP 1 STOP 2| START 
CENTER BIT 

SAMPLE - 

RDA’ et ee Ree ee ae k<— 1/16 Bit time 
RDA** 


"The RDA line was previously not reset (ROR = high-level). 
**The RDA line was previously reset (ROR = low-level). 





START BIT DETECT/VERIFY 


M Begin verity : 4_ Begin verify. 
RSI | 
Ss . 


if the RS} line remains spacing for a 1/2 bit time, a genuine start bit is verified. Should the line return to a 
marking condition prior to a 1/2 bit time, the start bit verification process begins again. 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ..........-. ce cece cece c cece en ee eve seeecnreeeeecennes 0°C to +70°C 


Storage Temperature Range .......... 00. c cece eee c cece eect cece eee ee teeecaeens —55°C to +150°C 
Lead Temperature (soldering, 10 S€C.) .. 2... . cece ecccceeec eee eee e ne eueceeeeeeanecs +325°C 
Positive Voltage on any Pin, Voc 2.0... ccc cc cee cece cece ee cee eens eee teens suseesseneess +0.3V 
Negative Voltage on any PIN, VGC. .2.c5 cece ca sede ses nonce tee dese aG cudlesevedcegueseeedeoseues —25V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 


ELECTRICAL CHARACTERISTICS (Ta =0°C to 70°C, Vcc = +5V £5%, Von =—12V +5%, unless otherwise noted) 





Parameter Min. Typ. Max. Unit Conditions 
D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 
Low-level, Vit Vop 0.8 Vv 
High-level, Vin Vec-1.5 Vec V 
OUTPUT VOLTAGE LEVELS 
Low-level, Voi 0.2 0.4 Vo lot =1.6mA 
High-level, Vou 2.4 4.0 V loH = 100uA 
INPUT CURRENT 
Low-level, lit 1.6 mA see note 4 
OUTPUT CURRENT aoe yes ke 
Leakage, ILo —1 HA SWE=RDE= Vin, 0 < Vout = +5V 
Short circuit, los** 10 mA Vout=O0V 
INPUT CAPACITANCE 
All inputs, Cin 5 10 pf Vin=Vcc, f= 1MHz 
OUTPUT CAPACITANCE oe 
All outputs, Cout 10 20 pf SWE=RDE= Vin, f= 1MHz 
POWER SUPPLY CURRENT 
Icc 28 mA_ All outputs = Vou, All inputs = Vcc 
Ipp 28 mA 
A.C. CHARACTERISTICS Ta = +25°C 
CLOCK FREQUENCY 
(COM2502, COM2017) DC 400 KHz RCP, TCP 
(COM2502H, COM2017H) DC 640 KHz RCP, TCP 
PULSE WIDTH 
Clock 1 us RCP TCP 
Master reset 500 ns MR 
Control strobe 200 ns CS | 
Transmitter data strobe 200 ns TDS 
Receiver data available reset 200 ns RDAR 
INPUT SET-UP TIME 
Data bits =0 ns TD1-TD8 
Control bits =0 ns NPB, NSB, NDB2, NDB1, POE 
INPUT HOLD TIME 
Data bits 20 ns TD1-TD8 
Control bits 20 ns NPB, NSB, NDB2, NDB1, POE 
STROBE TO OUTPUT DELAY Load = 20pf +1 TTL input 
Receive data enabie 356 NS RDE: jpop, TPpo 
Status word enable 350 ns SWE: Tpp1, Tepo 
OUTPUT DISABLE DELAY 350 ns RDE, SWE 


**Not more than one output should be shorted at a time. 


NOTES: 1. If the transmitter is inactive (TEOC and TBMT are ata high-level) the start bit will appear on the TSO line within 
one clock period (TCP) after the trailing edge of TDS. 


2. The start bit (mark to space transition) will always be detected within one clock period of RCP, guaranteeing 
a maximum start bit slippage of 1/16th of a bit time. 


3. The tri-state output has 3 states: 1) lowimpedanceto Vcc 2) lowimpedancetoGND 3)highimpedance OFF= 
10M ohms. The “OFF” state is controlled by the SWE and RDE inputs. 


4. Under steady state conditions no current flows for TTL or MOS interfacing. (COM 2502 or COM 2502/H) 
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DATA/CONTROL TIMING DIAGRAM 


DATA INPUTS 
tr=tf=20 ns 
TseT-uP =0 
THOLD =0 


VIH 
VIL 


cs 


TSET-UP 


VIH 
IL 


CONTROL INPUTS 


*Input information (Data/Control) need only be valid during 
the last Tew, min time of the input strobes ( 1 DS, CS). 


OUTPUT TIMING DIAGRAM 


(RD1-RD8, RDA, 
RPE, ROR, RFE, TBMT) 


Tpo1, TPDO 


NOTE: Waveform drawings not to scale for clarity. 


Qutputs Disabled 


SECTION Ii) 











FLOW CHART—TRANSMITTER FLOW CHART— RECEIVER 






















1. TURN POWER ON 
2. PULSE EXTERNAL RESET 
3. SELECT BAUD RATE — 16 x CLK 


1. TURN POWER ON 
2. PULSE EXTERNAL RESET 

3. SELECT BAUD RATE —16 x CLK 
4. SET CONTROL BITS 


HAS 
THE LINE 
TRANSITIONED 


FROM MARKING TO 
SPACING 
? 


YES 
HAS 
A 
NO BIT BEEN VERIFIED 
8-16 x CLK 
YES 
LOAD START BIT INTO 
RECEIVER SHIFT REGISTER 
HAS 
| 


TBMT =1 
€0C =1 
SO =1({STOP BIT) 


SET CONTROL BITS— PULSE CS 








— 




























Is 
TRANSMITTER 
SHIFT REGISTER 
EMPTY ? 
{EOC = 1) 





1 BIT TIME 
ELAPSED ? 
16 - 16 x CLK 





TSMT =1 







RECEIVED 





HAS 
1 BIT TIME 
ELAPSED ? 
(16 - 16 x CLK) 








YES 








HAS 
1 BIT TIME 
ee 


YES 

SHIFT 1 BIT RIGHT IN THE 

TRANSMITTER SHIFT REGISTER 

| TRANSMIT START BIT, DATA 


YES 






HAS 

THE PROPER 

PARITY BIT BEEN 

RECEIVED 
? 





SET PARITY NO YES} SET PARITY 
ERROR REGISTER 


Too 





BITS, SELECTED PARITY MODE, 
AND STOP BIT(S} 





ERAOR REGISTER 
TO1 
















HAS 
THE LAST 
STOP BIT BEEN ON THE 
LINE FOR 1 BIT 
TIME ? 











HAS 
1 BIT TIME 
ELAPSED 


YES 


YES 






HAS 
A STOP BIT 
BEEN RECEIVED 


SET FRAMING NO 
ERROR REGISTER 
TO1 


YES | SET FRAMING 
ERROR REGISTER 
TOO 










ARE 
THERE NEW 
CONTROL BITS 


NO 
YES 


YES SET OVER-RUN NO Is YES SET OVER-RUN 


REGISTER 


REGISTER RDA=0 


TRANSFER DATA BITS FROM SHIFT REGISTER 
| TO DATA BITS HOLDING REGISTER 


| DA=1 





EXAMINE OUTPUTS 
1. STROBE STATUS WORD ENABLE 
2. STROBE DATA ENABLE 


BESET DATA AVAILABLE — DA =0 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 


VES 
1. LOAD TRANSMITTER SHIFT REGISTER 
2. SO = 0 (START BIT) 
3. EOC =0 





3S Marcus Bid. NY. 11788 
(516) 273-3100 TWX. 510-227-8898 


We leep atread of our competition so you can keep ahead of yours. 
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STANDARD MICROSYSTEMS 
—_— 


COM 2449-1 
COM 2449-2 
COM 2449-3 


LPC FAMILY 


RS-449 
Programmable Communications 
Interface 


FEATURES 


L] RS-449 compatible inputs and outputs 
(] Maskable Interrupts for RS-449 inputs 
CL] Synchronous and Asynchronous Full Duplex or 
Half Duplex Operations 
(] Re-programmable ROM on-chip baud 
rate generator 
[J Synchronous Mode Capabilities 
— Selectable 5 to 8-Bit Characters 
—Selectable 1 or 2 SYNC Characters 
— Internal or External Character Synchronization 
— Transparent or Non-Transparent Mode 
— Transparent mode DLE stuffing (Tx) 
and detection (Rx) 
— Automatic SYNC or DLE-SYNC Insertion 
—SYNC, DLE and DLE-SYNC stripping 
— Odd, Even, or No Parity 
—Local or remote maintenance loop back mode 
CL] Asynchronous Mode Capabilities 
— Selectable 5 to 8-Bit Characters plus parity 
—3 Selectable Clock Rates (1X, 16X, 64X the 
Baud Rate) 
—Line Break Detection and Generation 
— 1, 1%, or 2-Stop Bit Detection and Generation 
— False Start Bit Detection 
— Odd, Even, or No Parity 
— Parity, Overrun, and framing error detect 
—Local or remote maintenance loop back mode 
— Automatic serial echo mode (echoplex) 
_] Baud Rates 
—DC to 1.0M Baud (Synchronous) 
—DC to 1.0M Baud (1X, Asynchronous) 





PIN CONFIGURATION 


OQ 
326 


Pe 
x 
90 


GN 


PACKAGE: 40-Pin D.1.P. 


—DC to 62.5K Baud (16X, Asynchronous) 
—DC to 15.625K Baud (64X, Asynchronous) 


C] Double Buffering of Data 

(J) RxC and TxC pins are short circuit protected 
L] Internal or External Baud Rate Clock 

(J3 baud rate sets (2449-1, -2, -3) 

L] 16 internal rates for each version 

LJ Single +5 volt Power Supply 

LI TTL Compatible 

CI No System Clock Required 


GENERAL DESCRIPTION 


The COM 2449 is an MOS/LSI device fabricated 
using SMC’s patented COPLAMOS® technology. 
It is equivalent to the COM 2661 with the addi- 
tional features required to create the interface to 
an RS-449 compatible modem. Six new outputs 
are added to implement the RS-449 signals sent 
to the Data Communications Equipment (DCE) 
and five new signals are added to receive the 
RS-449 status signals from the DCE. A second 
status register and an output register have been 
added to allow a processor full control of the addi- 
tional 1/O pins. The COM 2449 contains a baud 
rate generator which can be programmed to either 
accept an external clock or to generate internal 
transmit or receive clocks. Sixteen different baud 
rates can be selected under program control when 
operating in the internal clock mode. Each version 
of the COM 2449 (-1, -2, -3) has a different set of 
baud rates. Custom baud rates can be ROM repro- 
grammed to accommodate different baud rates 


and different starting frequencies. 


The COM 2449 is a Universal Synchronous/ 
Asynchronous Receiver/Transmitter (USART) 
designed for microcomputer system data com- 
munications. The USART is used as a peripheral 
and is programmed by the processor to com- 
municate in commonly used asynchronous and 
synchronous serial data transmission techniques 
including IBM Bi-Sync. The USART receives serial 
data streams and converts them into parallel data 
characters for the processor. While receiving serial 
data, the USART will also accept data characters 
from the processor in parallel format, convert them 
to serial format and transmit. The USART will sig- 
nal the processor when it has completely received 
or transmitted a character and requires service. 
Complete USART status including data format 
errors and control signals is available to the 
processor at any time. 
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DATA BUS 
00-D7 


DATA BUS 
BUFFER 


OPERATION CONTROL 


MODE REGISTER 1 


MODE REGISTER 2 


COMMAND REGISTER 


STATUS REGISTER 1 
STATUS REGISTER 2 
OUTPUT REGISTER 





ROM 
RE-PROGRAMMABLE 
BAUD RATE 
GENERATOR 


CLOCK CONTROL 


MODEM 
CONTROL 


SYN/DLE CONTROL 


SYN 1 REGISTER 
SYN 2 REGISTER 
DLE REGISTER 


TRANSMITTER 


TRANSMIT DATA 
HOLDING REGISTER 
TRANSMIT 
SHIFT REGISTER 


RECEIVER 


RECEIVE DATA 
HOLDING REGISTER 
RECEIVE 
SHIFT REGISTER 


COM 2449 ORGANIZATION 


The COM 2449 is organized into 6 major sections. 
Communication between each section is achieved via 
an internal data and control bus. The data bus buffer 
allows a processor access to all internal registers on the 
COM 2449. The COM 2449 is a COM 2661 with 5 new 
inputs (readable by the processor from STATUS 
REGISTER 2) and 6 new outputs (written by the pro- 
cessor via the OUTPUT REGISTER). Each of the 5 new 
inputs can cause an interrupt condition on the COM 
2449. The ability to enable these conditions for inter- 
rupt handling is provided. Table 1 outlines the dif- 
ferences between the COM 2661 and the COM 2449. 
It should be noted that the COM 2449 can be viewed as 
a general purpose communications interface device 
with general purpose I/O pins to allow setting output 
controls and interrogation of input status. This addi- 
tional I/O capability, although added to allow RS-449 
compatibility, can ease the interface to any com- 
Munications aiscipiine. 

Operation Control 

This functional Diock stores configuration and opera- 
tion commands from the processor and generates appro- 
priate signals to various internal sections to control the 
overall device operation. It contains read and write cir- 
cuits to permit communications with a processor via the 
data bus and contains Mode Registers 1 and 2, the 
Command Register, the two Status Registers, and the 
Output Register. Details of register addressing and 
protocol are presented in the COM 2449 program- 
ming section of this specification. 
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Timing 

The COM 2449 contains a Baud Rate Generator (BRG) 
which is programmable ‘to accept external transmit or 
receive clocks or to divide an external clock to perform 
data communications. The unit can generate 16 com- 
monly used baud rates, any one of which can be selected 
for full duplex operation. Tables 2a, b, and c illustrate all 
available baud rates. 


Receiver 


The Receiver accepts serial data on the RxD pin, con- 
verts this serial input to parallel format, checks for bits 
or characters that are unique to the communication 
technique and stores the “assembled” character in the 
receive data holding register until read by the processor. 


Transmitter 

The Transmitter accepts parallel data from the processor, 
converts it to a serial bit stream. inserts the appropriate 
characters or bits (based on the communication tech- 
nique) and outputs a composite serial stream of data on 
the TxD output pin. 

Modem Control 

The modem contro! provides three output signals and 
accepts three input signals used for “handshaking” and 
status indication between the COM 2449 and a modem. 
Five signals to and from the modem control are given 
names that are in accordance with the RS-449 specifica- 
tion. The signals, however, have an identical function 
to the corresponding COM 2661 RS-232 compatible 
signals and this correspondence is shown in Table 1. 


SYN/DLE Conirol 


This section contains control circuitry and three 8-bit 
registers storing the SYN1, SYN2, and DLE characters 
provided by the processor. These registers are used in 
the synchronous mode of operation to provide the 
characters required for synchronization, idle fill and 


data transparency. 


Interface Signals 


The COM 2449 interface signals can be grouped into 
two types: the processor-related signals (Shown in Table 
3) which interface the COM 2449 to the processor, and 
the device-related signals (shown in Table 4), which are 
used to interface to the communications equipment. 


DESCRIPTION OF PIN FUNCTIONS 
TABLE 3—PROCESSOR RELATED SIGNALS 





























FUNCTION 








[PIN NO. NAME | SYMBOL | 
1,2,5,6, | Data | D7-D0 | Bidirectional; 8 bit, three state data bus used to transfer commands, data and status 
1 


between the COM 2449 and a processor. D0 is the least significant bit; D7 is the most 
significant bit. 








Input; Address lines used to select COM 2449 registers. 








Input; when this signal is low, the operation specified by the R/W, A2, A1 and AO will 
| be performed. When this input is high, D7-0 are in the high impedance state. 








input; Processor read/write direction control. This signal defines the direction of the 
data bus D7-0 when the COM 2449 is selected. D7-0 drives out (read) when this signal 
is low and accepts data input when this signal is high. The input only has meaning 
when the CE input is.active. 








14,17,20 | Address A2, A1, AO 
16 Chip Enable CE 
21 Read/Write R/W 
. ———- 
22 Receiver Ready RxRDY 
| 
23 Transmitter TxRDY 
Ready 














| 





4 





25 Transmitter TxEMT/ 
empty/data DSCHG 
set change 

28 Reset RESET 

















PIN NO. 


NAME 


with the appropriate control words. 
33 Supply Voltage Vee +5 volt supply. 
4 Ground GND | Ground. 











Output; This signal is the complement of Status Register 1, bit 1 (SR11). When low, it 
| indicates that the Receive Data Holding Register (RHR) has acharacter ready forinput 
to the processor. It goes high when the RHR is read by the processor, and also when 

| the receiver is disabled. It is an open drain output which can be used as an interrupt 
to the processor. 





Output; This signal is the complement of Status Register 1, bitO (SR10). When low, it 
indicates that the Transmit Data Holding Register (THR) is ready to accept a data 
character from the processor. It goes high when the data character is loaded. This output 
is valid only when the transmitter is enabled. It is an open drain output which can be 
used as an interrupt to the processor. 


Output; This signal is the complement of Status Register 1, bit 2 (SR12). When low, it 
indicates that the transmitter has completed serialization of the last character loaded 
by the processor, or that a change of state of the DM or RR inputs has occurred. This 
signal also goes low if the SI, SB, SQ, TM or IC experience a change of state if the 
corresponding input is enable for interrupt. Interrupt enable bits are located in the 3 
most significant bits of Status Register 2 (SR2). This output goes high when Status 
Register 1 is read by the processor, if the TxEMT condition does not exist. Otherwise, 
the THR must be loaded by the processor for this line to go high. It is an open 

drain output which can be used as an interrupt to the processor. 











Input; A high on this input performs a master reset on the COM 2449. This signal 
asynchronously terminates any device activity and clears the Mode, Command and 
Status registers. The device assumes the idle state and remains there until initialized 























TABLE 4— DEVICE RELATED SIGNALS 





FUNCTION 








3 





Receive Data 


Input: Serial data to the receiver. “Mark” is high, “space” is low. 











12 





incoming Call 








— 


Test Mode 





13 








Signal Quality 








Input: This general purpose signal can be used for “incoming call” status from the 
DCE. lis complement appears in Status Register 2 bit 0 (SR20). When this input is 
enabled for interrupt via Status Register 2 bit 5 (SR25), a change in its state will 








cause a low output on TxEMT/DSCHG. 
pn ee 


Input: This general purpose signal can be used for “test mode” status from the DCE. 
Its complement appears in Status Register 2 bit 1 (SR21). When this input is enabled 
for interrupt via Status Register 2, bit6 (SR26) a change in its state will cause a low 
output on TXEMT/D : 





Input: This general purpose signal can be used for “signal quality” status from the DCE. 
Its complement appears in Status Register 2 bit 2 (SR22). When this input is enabled 
for interrupt via Status Register 2 bit 7 (SR27) a change in its state will cause a low out- 
put on TxEMT/DSCHG. 
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TABLE 4—DEVICE RELATED SIGNALS (Cont'd) 









FUNCTION 




















Transmitter TxC/ Input or Output: If the external transmitter clock is programmed, this input controls 
Clock/External the rate at which the character is transmitted. Its frequency is 1X, 16X, or 64X the 
Sync baud rate as programmed by mode Register 1. The transmitted data changes on the 


falling edge of the clock. If the internal transmitter clock is programmed, this pin can 
be a 1X/16X clock output or an external jam synchronization input. 


a 

























18 Standby | SB Input: This general purpose signal can be used for “standby indicator” status from 
Indicator | the DCE. Its complement appears in Status Register 2 bit 3 (SR23). When this input is 





enabled for interrupt via Status Register 2 bit 7 (SR27), a change in its state will cause 
a low output on TXEMT/DSCHG. 














Signalling Rate 


Input: This general purpose signal can be used for “signalling rate indicator” status 
Indicator 


from the DCE. Its complement appears in Status Register 2 bit 4 (SR24). When this 
input is enabled for interrupt via Status Register 2 bit 7 (SR27), a change in its state 
will cause a low output on TXEMT/DSCHG. 











24 Clear to Send Input: This signal must be low in order for the transmitter to function. If it goes high 
during transmission, the character in the Transmit Shift Register will be transmitted 


_before termination. 






Transmit Data Output: Serial data from the transmitter. “Mark” is high, “Space” is low. This signal is 


held in the “Mark” condition when the transmitter is disabled. 


Input: Clock input to the internal baud rate generator (See Tables 2a, b, and c); not 
required if the external receiver and transmitter clocks are used. 















Input: This general purpose signal can be used for Data Mode, Data Set Ready or Ring 
Indicator condition. Its complement appears as Status Register 1 bit 7 (SR17). DM 
causes a low output on TxXEMT/DSCHG when its state changes if CR2 or CRO=1. 





Request to Send RS Output: This general purpose signal is the complement of the Command Register 
bit 5 (CRS). It is normally used to indicate Request to Send. If the Transmit Shift 
Register is not empty when CR3 is reset (1 to 0), then RS will go high on TxC time 


after the last serial bit is transmitted. 





Terminal Ready Output: This general purpose signal is the complement of the Command Register 


bit 1 (CR1). It is normally used to indicate Terminal Ready. 










32 Receive Clock/ 


Input or Output: If the external receiver clock is programmed, this input controls the 
Break Detect 


rate at which the character is to be received. Its frequency is 1X, 16X, or 64X the Baud 
rate as programmed by Mode Register 1. Data are sampled on the rising edge of the 
clock. If internal receiver clock is programmed, this pin can be a 1X/16X clock ora 

| break detect output. 

| ReceiverReady | RR ___, Input: This signal must be low in order for the receiver to function. The complement 

| appears in Status Register 1 bit 6 (SR16). RR causes a low output on TxEMT/DSCHG 
when its state changes if CR2 or CRO=1. If RR goes high while receiving, the RxC is 

{ internally inhibited. 








—— | 


34 
35 New Signal | NS —_, Output: This signal is used to tell the DCE that a new line signal at the DTE 
has occurred. This output will go to its low active state when the Output Register, 
bit 0 (ORO) is set to a logic 1. This output will go to its high inactive state when the 
36 








Output Register bit 0 (ORO) is set to a logic 0 and the RR input goes high. 













Local Loopback IL ; Output: This general purpose signal can be used to inform the DCE ofa “local 
| loopback” test condition. It is the complement of Output Register bit 1 (OR1) 


, which has direct control over the state of this output. 











37 Remote | RL =! Output: This genera! purpose signal can be used to inform the DCE ofa “remote 
| Loopback loopback” test condition. It is the complement of Output Register bit 2 (OR2) | 
which has direct control over the state of this output. 








38 Select Standby ss Output: This general nurnose signal can be used to select the normal! or standby 
| | communication facilities of the DCE. It is the complement of Output Register bit 3 
(OR3) which has direct control over the state of this output. 


i 











39 Select SF/SR Output: This general purpose signal can be used as a combined “Select Frequency” 
Frequency/ and “Signal Rate Select”. It is the complement of Output Register bit 4 (OR4) 
Signal Rate which has direct control over the state of this output. 








Select 











is Quitput: This general purpose signal can be used to inform the DCE of a 
“Terminal in Service” condition. It is the complement of Output Register bit 5 
(ORS) which has direct control over the state of this output. 


Terminal in 
Service 
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Table 1 COM 2449 vs. COM 2661 


| newwrurs | _newoureurs | HauNalente™ 
NEW INPUTS NEW OUTPUTS EQUIVALENTS 

[Symbol] Name [Srmbo!___Name [COM 2049 COM 2667 | 
Sa Cee a ea eee 
35 [soreteaty [8 —termnatinsri| 


test mode SF/SR__ select frequency/ 

signal rate select 
signaling rate local loopback 
indicator 


| SB standby select | RL remote loopback RS RTS 


SS __ standby select 


Table 2b BAUD RATE GENERATOR CHARACTERISTICS 
2449-2 (BRCLK =4.9152MHz) 


ACTUAL 
BAUD FREQUENCY PERCENT 
— RATE 16X CLOCK ERROR 
0.7279kHz . 
1.2 
1.7598 
2.152 
24 
48 
9.6 
19.2 
28.7438 
31.9168 
38.4 
76.8 
153.6 
307.2 
614.4 


Table 2a BAUD RATE GENERATOR CHARACTERISTICS 
2449-1 (BRCLK =4.9152MHz) 
ACTUAL 


FREQUENCY 
16X CLOCK 





PERCENT 


ERROR DIVISOR 








| 
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Table 2c BAUD RATE CHARACTERISTICS 
2449-3 (BRCLK =5.0688MHz) 
ACTUAL 


FREQUENCY 
16X CLOCK 








PERCENT 


ERROR DIVISOR 


6336 
4224 
2880 
2355 
2112 
1056 
528 
264 
176 
158 
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NOTE: 
16X clock is used in asynchronous mode. In synchronous mode, clock multiplier is 1X and 
BRG can be used only for TxC. 





COM 2449 OPERATION 


The functional operation of the COM 2449 is programmed 
by a set of control words supplied by the processor. 
These control words specify items such as synchronous 
or asynchronous mode, baud rate, number of bits per 
character, etc. The programming procedure is described 
in the COM 2449 Programming section of this data sheet. 


After programming, the COM 2449 is ready to perform 
the desired communications functions. The receiver 
performs serial to parallel conversion of data received 
from a modem or equivalent device. The transmitter 
converts parallel data received from the processor to a 
serial bit stream. These actions are accomplished within 
the framework specified by the control words. 


Receiver 


The COM 2449 is conditioned to receive data when the 
RR input is low and the RxEN bit in the command 
register is true. In the asynchronous mode, the receiver 
looks for a high to low (mark to space) transition of the 
start bit on the RxD input line. Ifa transition is detected, 
the state of the RxD line is sampled again after a delay of 
one-half of a bit time. If RxD is now high, the search for 
a valid start bit is begun again. If RxD is still low, a valid 
start bit is assumed and the receiver continues to sample 
the input line at one bit time intervals until the proper 
number of data bits, the parity bit, and one stop bit have 
been assembled. The data is then transferred to the 
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COM 2449 INITIALIZATION FLOW CHART 


INITIAL RESET 


LOAD 
MODE REGISTER 1 
NOTE 
LOAD Mode Register 1 must be written 
MODE REGISTER 2 before 2 can be written. Mode Register 2 
NOTE 


need not be programmed if external 
N 
SYNCHRONOUS? 
SYN1 Register must be written 





clocks are used. © 











LOAD before SYN2 can be written, and 


SYN 1 REGISTER SYN2 before DLE can be written. 


DOUBLE x J 


SYN 2 REGISTER 





TRANSPARENT 
MODE? 











TRANSPARENT 
MODE? 






LOAD 
DLE REGISTER 





r=--_ _— oom 


i OPERATE i 






RECONFIGURE? 






Figure 1 






DISABLE RECEIVER 
AND TRANSMITTER 
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Receive Data Holding Register, the RxRDY bit in the 
status register is set, and the Rx output is asserted. 
If the character length is less than 8 bits, the high order 
unused bits in the Holding Register are set to zero. The 
Parity Error, Framing Error, and Overrun Error status 
bits are strobed into the status register on the positive 
going edge of RxC corresponding to the received char- 
acter boundary. If the stop bit is present, the receiver will 
immediately begin its search for the next start bit. If the 
stop bit is absent (framing error), the receiver will inter- 
pret a space as a start bit if it persists into the next bit 
time interval. If a break condition is detected (RxD is 
low for the entire character as well as the stop bit), only 
one character consisting of all zeros (with the Framing 
error status bit set) will be transferred to the Holding 
Register. The RxD input must return to a high condition 
before a search for the next start bit begins. 


Pin 25 can be programmed to be a break detect output 
by appropriate setting of MR27-MR24. If so, a detected 
break will cause that pin to go high. When RxD returns to 
mark for one RxC time, pin 25 will go low. Refer to th 
break detection timing diagram. 


When the COM 2449 is initialized into the synchronous 
mode, the receiver first enters the hunt mode on a0 to 1 
transition of RxEN (CR2). In this mode, as data is shifted 
into the Receiver Shift Register a bit at a time, the con- 
tents of the register are compared to the contents of the 
SYN1 register. If the two are not equal, the next bit is 
shifted in and the comparison is repeated. When the two 
registers match, the hunt mode is terminated and char- 
acter assembly begins. If the single SYN operation is 
programmed, the SYN DETECT status bitis set. If double 
SYN operation is programmed, the first character assem- 
bled after SYN1 must be SYN2 in order for the SYN 
- DETECT bit to be set. Otherwise, the COM 2449 returns 
to the hunt mode. (Note that the sequence SYN1-SYN1- 
SYN2 will not achieve synchronization). When syn- 
chronization has been achieved, the COM 2449 con- 
tinues to assemble characters and transfers them to the 
Holding Register. The RxRDY status bit is set and the 
RxRDY output is asserted each time a characteris assem- 
bled and transferred to the Holding Register. The Overrun 
error (OE) and Parity error (PE) status bits are set as 
appropriate. Further receipt of the proper SYN sequence 
sets the SYN DETECT status bit. If the SYN stripping 
mode is commanded, SYN characters are not trans- 
ferred to the Holding Register. Note that the SYN char- 
acters used to establish initial synchronization are not 
transferred to the Holding Register in any case. 


External jam synchronization can be achieved via pin 15 
by appropriate setting of MR27-MR24. When pin 15 is an 
XSYNC input, the internal SYN1, SYN1-SYN2, and DLE- 
SYN1 detection is disabled. Each positive going signal 
on XSYNC will cause the receiver to establish synchro- 
nization on the rising edge of the next RxC pulse. 
Character assembly will start with the RxD input at this 
edge. XSYNC may be lowered on the next rising edge of 
RxC. This external synchronization will cause the SYN 
DETECT status bit to be set until the status register is 
read. Refer to XSYNC timing diagram. 


Transmitter 

The COM 2449 is conditioned to transmit data when the 
CS input is low and the TxEN command register bit is 
set. The COM 2449 indicates to the processor that it can 
accept a character for transmission by setting the 
TxRDY status bit and asserting the TxRDY output. When 
the processor writes a character into the Transmit Data 
Holding Register, the TxRDY status bit is reset and the 
TxRDY output is returned to a high (false) state. Data 
is transferred from the Holding Register to the Transmit 
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Shift:Register when it is idle or has completed trans- 
mission of the previous character. The TxRDY condi- 
tions are then asserted again. Thus, one full character 
time of buffering is provided. 


In the asynchronous mode, the transmitter automatically 
sends a start bit followed by the programmed number 
of data bits, the least significant bit being sent first. It then 
appends an optional odd or even parity bit and the pro- 
grammed number of stop bits. If, following transmission 
of the data bits, a new character is not available in the 
Transmit Holding Register, the TxD output remains in 
the marking (high) condition and the TxEMT/DSCHG 
output and its corresponding status bit are asserted. 
Transmission resumes when the processor loads a new 
character into the Holding Register. The transmitter can 
be forced to output a continuous low (BREAK) condi- 
tion by setting the Send Break command bit high. 


In the synchronous mode, when the COM 2449 is initially 
conditioned to transmit, the TxD output remains high and 
the TxRDY condition is asserted until the first character to 
be transmitted (usually a SYN character) is loaded by the 
processor. Subsequent to this, a continuous stream of 
characters is transmitted. No extra bits (other than parity, 
if commanded) are generated by the COM 2449 unless the 
processor fails to send a new character to the COM 2449 
by the time the transmitter has completed sending the 
previous character. Since synchronous communication 
does not allow gaps between characters, the COM 2449 
asserts TxEMT and automatically “fills” the gap by 
transmitting SYN1s, SYN1-SYN2 doublets, or DLE-SYN1 
doublets, depending on the state of MR16 and MR17. 
Normal transmission of the message resumes when a new 
character is available in the Transmit Data Holding 
Register. If the SEND DLE bit in the command register is 
true, the DLE character is automatically transmitted 
prior to transmission of the message character in the 
transmit holding register. 


COM 2449 PROGRAMMING 

Prior to initiating data communications, the COM 2449 
Operational mode must be programmed by performing 
write operations to the mode and command registers. 
In addition, if synchronous operation is programmed, 
the appropriate SYN/DLE registers must be loaded. The 
COM 2449 can be reconfigured at any time during pro- 
gram execution. A flow chart of the initialization process 
appears in Figure 1. 


The internal registers of the COM 2449 are accessed by 
applying specific signals to the CE, R/W, A2, A1 and AO 
inputs. The conditions necessary to address each register 
are shown in Table 5. 


TABLE 5—COM 2449 REGISTER ADDRESSING 


Cae Ww | runerow sd 


Tri-state data bus 

Read receive holding register 
Write transmit holding register 
Read status register 1 

Write SYN1/SYN2/DLE registers 
Read mode registers 1 and 2 
Write mode registers 1 and 2 
Read command register 

Write command register ; 
Read output register 

Write output register 

Read status register 2 

Write status register 2 


NOTE : 
See AC Characteristics section tor timing requirements. 
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The SYN1, SYN2, and DLE registers are accessed by 
performing write operations with the conditions A2=0, 
A1=0, AO=1, and R/W=1. The first operation loads the 
SYN1 register. The next loads the SYN2 register, and the 
third loads the DLE register. Reading or loading the 
mode registers is done in a similar manner. The first 
write (or read) operation addresses Mode Register 1, 
and a subsequent operation addresses Mode Register 2. 
if more than the required number of accesses are made, 
the internal sequencer recycles to point at the first 
register. The pointers are reset to SYN1 Register and 


- Mode Register 1 by a RESET input or by performing a 


“Read Command Register’ operation, but are unaffected 
by any other read or write operation. 


The COM 2449 register formats are summarized in 
Tables 6, 7, 8, 9, 10 and 11. Mode Registers 1 and 2 define 
the general operational characteristics of the COM 2449, 
while the Command Register controls the operation 
within this basic framework. The COM 2449 indicates its 
status in the two Status Registers. The status registers are 
cleared when a RESET input is applied. 





MODE REGISTER 1 (MR1) 


Table 6 illustrates Mode Register 1. Bits MR11 and MR10 
select the communication format and Baud rate multi- 
plier. OO specifies synchronous mode and 1X multiplier. 
1X, 16X, and 64X multipliers are programmable for 
asynchronous format. However, the multiplier in asyn- 
chronous format applies only if the external clock input 
option is selected by MR24 or MR25. 


MR13 and MR12 select a character length of 5, 6, 7, or 8 
bits. The character length does not include the parity bit, 
if programmed, and does not include the start and stop 
bits in asynchronous mode. 


MR14 controls parity generation. If enabled, a parity bit 
is added to the transmitted character and the receiver 
performs a parity check on incoming data. MR15 selects 
odd or even parity when parity is enabled by MR14. 


In asynchronous mode, MR17 and MR16 select character 


framing of 1, 1.5, or 2 stop bits (if 1X baud rate is pro- 
grammed, 1.5, stop bits defaults to 1 stop bits on trans- 
mit). In synchronous mode, MR17 controls the number 
of SYN characters used to establish synchronization 
and for character fill when the transmitter is idle. SYN1 
alone is used if MR17=1, and SYN1-SYN2 is used when 
MR17 =0. If the transparent mode is specified by MR16, 
DLE-SYN1 is used for character fill and SYN Detect, but 
the normal synchronization sequence is used. When 
transmitting, a DLE character in the transmit holding 
register will cause a second DLE character to be trans- 
mitted. This DLE stuffing eliminates the software DLE 
compare and stuff on each transparent mode data char- 
acter. If the send DLE command (CR3) is active when a 
DLE is loaded into THR, only one additional DLE will be 
transmitted. Also DLE stripping and DLE Detect (with 
MR14=0) are enabled. 


TABLE 6— MODE REGISTER 1 (MR1) 


Sync/Asyne 


ASYNCH: STOP BIT LENGTH 
00=INVALID 

01=1 STOP BIT 

10=1% STOP BITS 


11=2 STOP BITS 


SYNCH: NUMBER 
OF SYN CHAR 

0=DOUBLE SYN 

1=SINGLE SYN 


SYNCH: TRANS- 
PARENCY CONTROL 
0=NORMAL 
1=TRANSPARENT 


| Parity Type | Pasty Control 


0=DISABLED 
1=ENABLED 





Mode and Baud Rate Factor 


00=SYNCHRONOUS 1X RATE 
01=ASYNCHRONOUS 1X RATE 
10=ASYNCHRONOUS 16X RATE 
11=ASYNCHRONOUS 64X RATE 


00=5 BITS 
01=6 BITS 
10=7 BITS 
11=6 BITS 


NOTE Baud rate factor in asynchronous applies only if external clock is selected. Factor is 15X if 


internal clock is selected. Mode must be selected (MR11, MR10) in any case. 





MODE REGISTER 2 (MR2) 


Table 7 illustrates mode register 2 (MR23, MR22, MR21 
and MR20 control the frequency of the internal baud rate 
generator (BRG). Sixteen rates are selectable for each 
COM 2449 version (-1, -2, -3). Version 1 and 2 speci- 
fy a 4.9152 MHz TTL input at BRCLK (pin 20); version 
3 specifies a 5.0688 MHz input which is identical to the 


COM 2651 and COM 2661-3. MR23-20 are don't cares if 
external clocks are selected (MR25-24=0). The indi- 
vidual rates are given in table 2a, b and c. 


MR24-MR27 select the receive and transmit clock source 
(either the BRG or an external input) and the function 
at pins 15 and 32. Refer to table 7. 


TABLE 7— MODE REGISTER 2 (MR2) 
| MR-27-MR24 | MR23-MR20 | 











0000 TxC Axo 1 
0001 TxC 1X 1001 
0010 1X RxC 1010 


--mm-—mm 
-m—-m—m—m 
--mm—-—-mm 


NOTES 


1. When pin 15 is programmed as XSYNC input, SYN1, SYN1-SYN2, and DLE-SYN1 detection is disabled. 


m—m—m—mie 
a 


Pin 15 Pin 32 








XSYNC! RXC/TXS sync 
TxC BKDET async 
XSYNC' RxC sync 


See baud raies in iabie Z 


BKDET 


E=External clock 
1=Intemal clock (BRG) 
1X and 16X are clock outputs 





COMMAND REGISTER (CR) 


Table 8 illustrates the Command Register. Bits CRO (TxEN) 
and CR2 (RxEN) enable or disable the transmitter and 
receiver respectively. A 0 to 1 transition of CR2 forces 
start bit search (async mode) or hunt mode (sync mode) 
on the second RxC rising edge. Disabling the receiver 
causes RxRDY to go high (inactive). If the transmitter is 
disabled, it will complete the transmission of the character 
in the Transmit Shift Register (if any) prior to terminat- 
ing operation. The TxD output_will then remain in the 
marking state (high while the TxRDY and TxEMT will 
go high (inactive). If the receiver is disabled, it will termi- 
nate operation immediately. Any character being assem- 
bled will be neglected. Bits CR1 (TR) and CR5 (RS) 
control the TR and RS outputs. Data at the outputs 
are the logical complement of the register data. 


In asynchronous mode, setting CR3 will force and hold 
the TxD output low (spacing condition) at the end of the 
current transmitted character. Normal operation resumes 
when CR is cleared. The TxD line will go high for at least 
one bit time before beginning transmission of the next 
character in the Transmit Data Holding Register. In syn- 
chronous mode, setting CR3 causes the transmission 
of the DLE register contents prior to sending the char- 
acter in the Transmit Data Holding Register. Since this is 
a one time command, CR3 does not have to be reset by 
software. CR3 should be set when entering and exiting 
transparent mode and for all DLE—non-DLE char- 
acter sequences. 


Setting CR4 causes the error flags in the Status Register 1 
(SR13, SR14, and SR15) to be cleared. This is a one time 
command. There is no internal latch for this bit. When 
CR5 (RS) is set, the RS pin is forced low and the trans- 
mit serial logic is enabled. A 1 to 0 transition of CRS will 
cause RS to go high (inactive) one TxC time after the 
last serial bit has been transmitted (if the transmit shift 
register was not empty). 


The COM 2449 can operate in one of four sub-modes 
within each major mode (synchronous or asynchronous). 
The operational sub-mode is determined by CR7 and 
CR6. CR7-CR6=00 is the normal mode, with the trans- 
mitter and receiver operating independently in accor- 
dance with the Mode and Status Register instructions. 


In asynchronous mode, CR7-CR6=01 places the COM 
2449 in the Automatic Echo mode. Clocked, regenerated 
received data are automatically directed to the TxD line 
while normal receiver operation continues. The receiver 
must be enabled (CR2=1), but the transmitter need not 
be enabled. Processor to receiver communications con- 
tinue normally, but the processor to transmitter link 
is disabled. Only the first character of a break condi- 
tion is echoed. The TxD output will go high until the 
next valid start is detected. The following conditions 
are true while in Automatic Echo mode: 


1. Data assembled by the receiver are automatically 
























Request to 
Send 













Operating Mode 


0=FORCE RS 
OUTPUT HIGH 
ONE CLOCK 
TIME AFTER 
TxSR SERIAL- 
IZATION 

1=FORCE RS 

OUTPUT LOW 


O0=NORMAL OPERATION 
01=ASYNCH: AUTOMATIC 
ECHO MODE 
SYNCH: SYN AND/OR 
DLE STRIPPING MODE 


O=NORMAL 
1=RESET 
ERROR FLAG 
IN STATUS 
(FE, OE, 


10=LOCAL LOOP BACK 
REMOTE LOOP BACK 








PE/DLE DETECT) 


Reset Error Sync/Asyne 


















placed in the Transmit Holding Register and retrans- 
mitted by the transmitter on the TxD output. 

2. The transmitter is clocked by the receive clock. 

3. TxRDY_output=1. 

4. The TxEMT/DSCHG: pin will reflect only the data set 
change condition. 

5. The TxEN command (CRO) is ignored. 


In synchronous mode, CR7-CR6=01 places the COM 
2449 in the Automatic SYN/DLE Stripping mode. The 
exact action taken depends on the setting of bits MR17 
and MR16: 


1. In the non-transparent, single SYN mode (MR17- 
MR16=10), characters in the data stream matching 
SYN1 are not transferred to the Receive Data Holding 
Register (RHR). 

2. In the non-transparent, double SYN mode (MR17- 
MR16=00), characters in the data stream matching 
SYN1, or SYN2 if immediately preceded by SYN1, are 
not transferred to the RHR. 

3. In transparent mode (MR16=1), characters in the 
data stream matching DLE, or SYN1 if immediately 
preceded by DLE, are not transferred to the RHR. 
However, only the first DLE of a DLE-DLE pair is 
stripped. 








Note that Automatic Stripping mode does not affect the 
setting of the DLE Detect and SYN Detect status bits 
(SR13 and SR15). 


Two diagnostic sub-modes can also be configured. In 
Local Loop Back mode (CR7-CR6= 10), the following 
loops are connected internally: 


1. The transmitter output is connected to the receiver 
input. 

2. TR is connected to RR and RS is connected to CS. 

3. The receiver is clocked by the transmit clock. 

4. The TR, RS and TxD outputs are held high. 

5. The CS, RR, DM and RxD inputs are ignored. 


Additional requirements to operate in the Local Loop 
Back mode are that CRO (TxEN), CR1 (TR), and CR5 
(RS) must be set to 1. CR2 (RxEN) is ignored by the 
COM 2449. 


The second diagnostic mode is the Remote Loop Back 
mode (CR7-CR6=11). In this mode: 


1. Data assembled by the receiver is automatically 
placed in the Transmit Holding Register and retrans- 
mitted by the transmitter on the TxD output. 

. The transmitter is clocked by the receive clock. 
. No data are sent to the local processor, but the error 
status conditions (PE, OE, FE) are set. 








held high. 
. CR1 (TXEN) is ignored. 


2 
3 
4. The RxRDY, TxRDY, and TxEMT/DSCHG outputs are 
5 
6. All other signals operate normally. 





Transmit 
Control (TxEN) 


Terminal 
Ready 


Receive 
Control (RxEN). 





ASYNCH: 
FORCE BREAK 














D=NORMAL 0=DISABLE 0=FORCE TR 0=DISABLE 
1=FORCE 1=ENABLE OUTPUT HIGH | 1=ENABLE 
1=FORCE TR 
call ela OUTPUT LOW 





SYNCH: 
SEND DLE 
O=NORMAL 
1=SEND DLE 

















TABLE 8— COMMAND REGISTER (CR) 
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STATUS REGISTER 1 (SR1) 


The data contained in the Status Register 1 (as shown in 
Table 9) indicate receiver and transmitter conditions and 
modem/data set status. 


SR10 is the Transmitter Ready (TxRDY) status bit. It, and 
its corresponding output, are valid only when the trans- 
mitter is enabled. If equal to 0, it indicates that the 
Transmit Data Holding Register has been loaded by the 
processor and the data has not been transferred to the 
Transmit Shift Register. If set equal to 1, it indicates that 
the Holding Register is ready to accept data from the 
processor. This bit is initially set when the Transmitter 
is enabled by CRO, unless a character has previously 
been loaded into the Hoiding Register. it is not set when 
the Automatic Echo or Remote Loop Back modes are 
programmed. When this bit is set, the TxRDY output pin 
is low. In the Automatic Echo and Remote Loop Back 
modes, the output is held high. 


SR11, the Receiver Ready (RxRDY) status bit, indicates 
the condition of the Receive Data Holding Register. If set,it 
indicates that a character has been loaded into the 
Holding Register from the Receive Shift Register and is 
ready to be read by the processor. If equal to zero, there 
is no new character in the Holding Register. This bit is 
cleared when the processor reads the Receive Data 
Holding Register or when the receiver is disabled by CR2. 
When set, the RxRDY output is low. 


The TxEMT/DSCHG bit, SR12, when set, indicates a 
change of state of the DM or RR inputs (when CR2 or 
CRO = 1), the SI, SB, SQ, TM or IC inputs (when 
SR25, SR26, or SR27=1) or that the Transmit Shift 
Register has completed transmission of a character 
and no new character has been loaded into the Transmit 
Data Holding Register. Note that in synchronous mode 
this bit will be set even though the appropriate “fill” 
character is transmitted. TxEMT will not go active until 
at least one character has been transmitted. It is cleared 
by loading the Transmit Data Holding Register. The 
DSCHG condition is enabled when TxEN =1 or RxEN=1. 





















0=D0M INPUT 
IS HIGH 

1=DM INPUT 

iS LOW 


O0=NORMAL 
1=OVERRUN 
ERROR 
















ASYNCH: 
Q=NORMAL 
1=FRAMING 

ERROR 


SYNCH: 


0=NORMAL 
1=SYN CHAR 
DETECTED 


| O=RR INPUT 

\ 1S HIGH 
1=RR INPUT 

iS LOW 















Data Mode Recelver Ready | FE/SYN Detect | Overrun | PE/DLE Detect | TxEMT/DSCHG | = RxADY | TxRDY 


| AsYNcH: 0=NORMAL O=RECEIVE 0=TRANSMIT 
1=CHANGE HOLDING REG | HOLDING 
| Paaiateie IN DSR OR EMPTY REG BUSY 
Eades DCO, OR 1=RECEIVE 1=TRANSMIT 
TRANSMIT HOLDING REG | HOLDING 
SYNCH: SHIFT REGIS- | HAS DATA REG EMPTY 
O=NORMAL TER IS 


1=PARITY 
ERROR 


DLE CHAR 
RECEIVED 


It is cleared when status register 1 is read by the 
processor. If status register 1 is read twice and SR12=1 
while SR16 and SR17 remain unchanged, then a TxXEMT 
condition exists. When SR12 is set, the TxEMT/DSCHG 
output is low. 


SR13, when set, indicates a received parity error when 
parity is enabied by MRi4. in synchronous transparent 
mode (MR16=1), with parity disabled, it indicates that 
a character matching the DLE Register has been received, 
and the present character is neither SYN1 nor DLE. This 
bit is cleared when the next character following the 
above sequence is loaded into the Receive Data Holding 
Register, when the receiver is disabied, or by a reset 
error command, CR4. 


The Overrun Error status bit, SR14, indicates that the 
previous character loaded into the Receive Holding 
Register was not read by the processor at the time a new 
received character was transferred into it. This bit is 
cleared when the receiver is disabled and by the Reset 
Error command, CR4. 


In asynchronous mode, bit SR15 signifies that the re- 
ceived character was not framed by a stop bit, i.e., only 
the first stop bit is checked. If the RHR contains all 
0’s when SR15=1, a break condition is present. In syn- 
chronous non-transparent mode (MR16=0), it indicates 
receipt of the SYN1 character in single SYN mode or the 
SYN1-SYN2 pair in double SYN mode. In synchronous 
transparent mode (MR16=1), this bit is set upon detec- 
tion of the initial synchronizing characters (SYN1 or 
SYN1-SYN2) and, after synchronization has been 
achieved, when a DLE-SYN1 pair is received. The bit is 
reset when the receiver is disabled, when the Reset Error 
command is given in asynchronous mode, or when 
Status Register 1 is read by the processor in the syn- 
chronous mode. 


SR16 and SR17 reflect the conditions of the RR and DM 
inputs respectively. A low input sets the corresponding 
status bit and a high input clears it. 




















































EMPTY 


OR 


TABLE 9—STATUS REGISTER 1 (SR1) 
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STATUS REGISTER 2 (SR2) 


The Data contained in the 5 least significant bits (SR20 
to SR24) reflect the conditions of the IC, TM, SQ, SB 
and SI inputs respectively. A low input sets the corre- 
sponding status bit high and a high input clears the 
corresponding status bit low. These 5 bits or read only. 


The three most significant bits (SR25 to SR27) allow 
interrupts to be enabled on the 5 inputs reflected in 
SR20 to SR24. 


Setting SR25 enables an interrupt to occur when the IC 


SR26 
Interrupt 
Enable 2 


SR25 
Interrupt 
Enable 3 


0=S! INPUT 
IS HIGH 

1=Si INPUT 
Is LOW 


1=INTERRUPT 
ON IC STATE 
CHANGE 


1=INTERRUPT 
ON TM STATE 
CHANGE 


1=INTERRUPT 
ON SQ, SI, SB 
STATE 
CHANGE 





te) 


1 





TABLE 10—STATUS REGISTER 2 (SR2) 


input signal experiences a change of state. Setting SR26 
enables an interrupt to occur when the TM input signal 
experiences a change of state. Setting SR27 enables an 
interrupt to occur when the SQ, Sl, or SB input signals 
experience a change of state. All interrupts enabled in 
these 3 bits will be reflected in the DSCHG/TXEMT output 
signal and its corresponding status bit (SR12). These 3 
bits can be read as well as written according to Table 
5. Table 10 illustrates bit assignments of Status Register 2. 


SR23 
Standby 
Indicator 


0=IC INPUT 
IS HIGH 

1=1C INPUT 
IS LOW 


O=TM INPUT 
IS HIGH 
1=TM INPUT 
IS Low 


0=SQ INPUT 
IS HIGH 

1=SQ INPUT 
iS LOW 


=SB INPUT 
IS HIGH 

=SB INPUT 
IS LOW 





OUTPUT REGISTER (OR) 


This 6 bit read write register (OR5-ORO) controls the 6 
new output signals added to the COM2449. OR5-1 


directly control the state of the IS, SF/SR, SS, RL, and — 


LL respectively. 


ORO when set to a logic 1 will cause the NS output to 
become low. When ORO is set to a logic 0 the NS output 


will not change until the RR input goes high. 


Table 11 illustrates bit positions of the Output Register. 


[| onr [ons [ons | tone Ts 


Select 
Frequency/ 
Signal rate 

select 


Terminal 
in service 


0=SF/SR OUTPUT 
HIGH 


0=i5 OUTPUT 
GOES HIGH 
1=1S OUTPUT 


GOES LOW LOW 











Select Remote Local New 
Standby Loopback Loopback Signal 


0=SS OUTPUT 

HIGH 
1=SF/SR OUTPUT | 1=SS OUTPUT 
Low 


0=NS OUTPUT GOES 
HIGH ONLY WHEN 
RRINPUT GOES HIGH 

1=NS OUTPUT GOES 
LOW 


o=LL OUTPUT 
GOES HIGH 
1=LL OUTPUT 
GOES LOW 


O=RL OUTPUT 
GOES HIGH 
1=RL OUTPUT 
GOES LOW 


TABLE 11—OUTPUT REGISTER (OR) 
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SYNCHRONOUS MODE 


TxEMT 


CE FOR ~~ 
WRITE 
OF THR 
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ASYNCHRONOUS MODE 
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SYNCHRONOUS MODE 
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SYNDET 
STATUS BIT 


READ 
STATUS 


RxRDY 


OVERRUN 
STATUS BIT 


CE FOR q & 
READ 


READ 
RHR 
(DATA 1) 


NOTES 


Start bit 

Stop bit 1 

Stop bit 2 

TxD marking condition 


————— 


READ 
RHR 
(DATA 3) 


IGNORED 


C— 
4 
al 

READ 


RHR 
(DATA 3) 


re 


READ 
RHR 
(DATA 3) 
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(PauUODd) SWVHYDVIG ONIWIL 


(WRITE) 


TIMING DIAGRAMS (Cont'd) 


RESET 


TRANSMIT 


1 BIT TIME 
(1, 16, OR 64 CLOCK PERIODS) 7 


Txt 
(INPUT) 


Txc 
(OUTPUT) 


READ AND WRITE 












R/w 


Do-D, 
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CLOCK 


BRCLK, TxC, Rxt 


RECEIVE 


Nem ene ee me es ee ee ee ome ce ee me ee oe wee oh 


taxs —————_- 'RXH 





EXTERNAL SYNCHRONIZATION WITH XSYNC 


SUL UU UL 


' 
a Ol oe ' tee = XSYNC SETUP TIME =300ns 


a ty =XSYNC HOLD TIME= ONE RxC 
XSYNC ’ . 
—=-] ty ane 


‘amacrine lira | 


CHARACTER ASSEMBLY 


1X RxC 


BREAK DETECTION TIMING 


Ax CHARACTER=5 BITS, NO PARITY 


RxC= 16 
or 64 : : 4 ' 
i} LOOK FOR START BIT=LOW(IF RxD iS HIGH} 
1 H LOOK FOR HIGH TO LOW TRANSITION) 1 
| gre START BIT CHECK MADE (RxD Low)1 
' 










RxD 
MISSING STOP BIT — | 
DETECTED ~ : 
1ST DATA BIT 
SET FE BIT MISSING STOP BIT DETECTED, 
SAMrnee SET FE BIT. 
0-~RHR, ACTIVATE RxRDY. 
SET BKDET PIN. 
NOTE RxD INPUT—RxSR UNTIL A MARK 





*If the stop bit is present, the start bit 


TO SPACE TRANSITION RS. 
search will commence immediately. 7 e weit : 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ... 0... 0. nnn ene e teen eee eens 0°C to + 70°C 
Storage temperature Range: 2: iste bic ee eo res soe ted meV Serbs kee eR na Rann aes eaw ees 6H — 55°C to + 150°C 
Lead Temperature (soldering, 10sec.) ...............66. SSB Shas Saal gaa ken acu eet bat tek ary ela eve rd See came kame PY + 325°C 
Positive Voltage on any Pin, with respect to ground ............ 6. eee eee eens ee ee ere +18.0V 
Negative Voltage on any Pin, with respect to ground ......... 0. c cece eeen nee n ee tenes egustitod —0.3V 


“Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum 

Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their 

outputs when the AC power is switched on and off. In addition, voltage transients on the AC power line may appear on the 

DC output. For example, the bench power supply programmed to deliver +12 volts may have large voltage transients when 

the AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 
































































= 
DC ELECTRICAL CHARACTERISTICS Ta=0°C to +70°C, Vcc=5.0V +5% = 
; (>) 
PARAMETER MIN MAX | UNIT | TEST CONDITIONS A 
input voltage 
Vir Low 
Output voltage 
Voi Low 0.4 Vv lo.=2.2mA 
Vou High 2.4 | lox=— 400A 
tiv Input leakage current is Vin=0 to 5.5V 
| Output leakage current 
ton Data bus high ur Vo=4.0V 
[tee Data bus low 10 uA Vo=0.45V 
lec Power supply current 
Capacitance 
Cin Input 20 fc= 1MHz 
Cour Output Unmeasured pins tied 
Input/Output to ground 





















































PARAMETER TEST CONDITIONS 
Pulse width 
tres Reset 
=a Chip enable 
Setup and hold time 
tas Address setup 
tan Address hold 
tes R/W control setup 
tou R/W control hold 
tos Data setup for write 
tou Data hold for write 
trxs . Rx data setup 
taxn Rx data hold 
too Data delay time for read C.=150pF 
tor Data bus floating time 7 ; 
__for read 100 ns C.=150pF 
tceo CE to CE delay 600 ns . 
Input clock frequency are 
tere Baud rate generator - 1.0 4.9202 MHz 
(2449-1, -2) 
fare Baud rate generator 1.0 A 5.0738 MHz 
__ (2449-3) 
| __ far TxC or RxC dc : 1.0 MHz ; 
Clock width [ 
tery Baud rate high 75 ferc=4.915MHz; measured 
(2449-1, -2) : at Vin 
tern Baud rate high 70 fsag=5.0688MHz; measured 
(2449-3) at Vin 
tert Baud rate low . 75 feac=4.915MHz; measured 
(2449-1, -2) at Vit 
ter. Baud rate low 70 ferc—5.0688MHz; measured 
____ (2449-3) at Vi , 
tatu Tx or RxC high 480 ns 
tan TxC or RxC low 480 ns ate ef 
trxo TxD delay _from falling | 
edge of TxC 650 ns C.=150pF 
tres Skew between TxD 
’ changing and falling ; 
ie _@dge of TxC output ; ns C.= 150 pF 
NOTE: . 


1. faz and tr Shown all modes except Local Loopback. For Local Loopback mode 
fat=0.7MHz and tar.=700ns min. 
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TYPICAL APPLICATIONS 


SYNCHRONOUS INTERFACE 
ASYNCHRONOUS INTERFACE TO TERMINAL OR 


TO CRT TERMINAL PERIPHERAL DEVICE 








SYNCHRONOUS 


COM 2449 COM 2449 OR PERIPHERAL 
DEVICE 





ASYNCHRONOUS INTERFACE SYNCHRONOUS INTERFACE 
TO TELEPHONE LINES TO TELEPHONE LINES 





ADDRESS BUS 
CONTROL BUS 


DATA BUS 




















COM 2449 «5 COM 2449 


, 


TELEPHONE TELEPHONE 
LINE LINE 


J 
a 
Oo 
ce 
x 
Be 
oO 
Fe 
bz 
4 
oF 
SSSR SRLS sce SAS 
siineiaiy seni 
Zl 2 
— 


tions, consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 


STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are inctuded as a means of illustrating typical semiconductor applica- 
CORPORATION 


(SIDS 51D TW 51.207 BO88 devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 


We keep ahead of our competition 0 you can keep ahead of yours. at any time in order to improve design and supply the best product possible. 
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TEM 
Spa TOOT cOM260" 
—-— 


Universal Synchronous Receiver/Transmitter 
} USRT | 


FEATURES PIN CONFIGURATION 
CSTR, BSC — Bi-sync and interleaved bi-sync waa aid 
modes of operation 


CL] Fully Programmable — data word length, parity 
mode, receiver sync character, transmitter 
sync character 


(] Full or Half Duplex Operation— can receive and 
transmit simultaneously at different baud rates 


(1 Fully Double Buffered — eliminates need for. 
precise external timing 


L] Directly TTL Compatible — no interface 
components required 


QO Tri-State Data Outputs — bus structure oriented | 


C1 1IBM Compatible— internally generated SCR 
and SCT signals 


CHigh Speed Operation—250K baud,200ns_ PACKAGE: 40-Pin D.LP. 
strobes 


J Low Power—300mW 


CJ pp ErOtociae: senitlatee handing problems FUNCTIONAL BLOCK DIAGRAM 
] Dip Package — easy board insertion See bis idea nes Gel DRS aoe 









=z 
oO 
= 
oOo 
bu 
ww 





OOMOnN ODOR WN = 


on- oOo 


7 


APPLICATIONS 


CL] Bi-Sync Communications 
L] Cassette 1/0 
CL] Floppy Disk I/O 


GENERAL DESCRIPTION 


The Universal Synchronous Receiver/Transmitter 
is an MOS/LSI monolithic circuit that performs all 
the receiving and transmitting functions 
associated with synchronous (STR, BSC, Bi-sync, 
and interleaved bi-sync) data communications. 
This circuit is fabricated using SMC’s P-channel 
low voltage oxide-nitride technology, allowing 

all inputs and outputs to be directly TTL 
compatible. The duplex mode, baud rate, data 
word length, parity mode, receiver sync character, 
and transmitter sync character are independently 
programmable through the use of external 
controls. The USR/T is fully double buffered and 
internally generates the sync character received 
and sync character transmitted signals. These 
programmable features provide the user with the 
ability to interface with all synchronous peripherals. 
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ROD8 RD7 RD6 RDS RD4 RDS RD2 RD1 





DESCRIPTION OF PIN FUNCTIONS 





PINNO. SYMBOL 


7-14 


18 


16 


Vcc 


TBMT 


TSO 


GND 


SCT 


Vop 


DB1-DB8 


RR 


RPE 


NAME 


Power Supply 


Transmitter 
Buffer Empty 


Transmitter 
Serial Output 


Ground 


Sync Character 
Transmitted 


Power Supply 


Data Bus Inputs 


Receiver Reset 


Receiver 
Parity Error 


UNCTION 


+5 volt Supply 


This output is at a high-level when the transmitter data 
buffer register may be loaded with new data. 


This output serially provides the entire transmitted 
character. This character is extracted from the transmitter 
data buffer register provided thata TDS pulse occurs during 
the presently transmitted character. If TDS is not pulsed, 
the next transmitted character will be extracted from the 
transmitter sync register. 


Ground 


This output is set high when the character loaded into the 
transmitter shift register is extracted from the transmitter 
sync register, indicating that the TDS was not pulsed during 
the previously transmitted character. This output is reset 
low when the character to be transmitted is extracted from 
the transmitter data buffer register. This can only occur if 
TDS is pulsed. 


—12 volt Supply 


This 8 bit bus inputs information into the receiver sync 
register under control of the RSS strobe, into the transmitter 
sync register under control of the TSS strobe, and into the 
transmitter data buffer register under control of the TDS 
strobe. The strobes operate independently of each other. 
Unused bus inputs may be in either logic state. The LSB 
should always be placed on DB1. 


This input should be pulsed to a high-level after power 
turn-on. This resets the RDA, SCR, ROR, and RPE outputs 
to a low-level. The transition of the RR input from a high- 
level to a low-level sets the receiver into the search mode 
(bit phase). in the search mode the serially received data bit 
stream is examined on abit by bit basis untilasync character 
is found. A sync character is found, by definition, when the 
contents of the receiver sync register and the receiver 

shift register are identical. When this occurs the SCR output 
is set high. This character is then loaded into the receiver 
buffer register and the receiver is set into the character 
mode. In this mode each character received is loaded into 
the receiver buffer register. 


This output is a high-level if the received character parity 
bit does not agree with the selected parity. 





108 


Fe a eae a ne ee a NR eA Ge ee ee A ene AES a ee Te a AN eS a eS a, Se PR ee ee Ce eT NE a ea ee a SEE ae ve I er eI a TE Oe en el eee 


PIN NO. 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28-35 


36, 38 


SYMBOL 


SCR 


TSS 


TCP 


TDS 


RSS 


RSI 


RCP 


RDAR 


RDE 


RDA 


ROR 


RD8-RD1 


NDB2, 
NDB1 


DESCRIPTION OF PIN FUNCTIONS 


NAME 


Sync Character 
Received 


Transmitter Sync 
Strobe 


Transmitter Clock 


Transmitter Data 
Buffer Strobe 


Receiver Sync 
Strobe 


Receiver Serial Input 


Receiver Clock 


Receiver Data 
Available Reset 


Received Data 
Enable 


Receiver Data 
Available 


Receiver Over- 
Run 


Receiver Data 
Output 


Number of Data 
Bits 


FUNCTION 


This output is set high each time the character loaded into 
the receiver buffer register is identical to the character in 
the receiver sync register. This output is reset low the next 
time the receiver buffer register is loaded with a character 
which is not a sync character. 


A high-level input strobe loads the character on the DB1- 
DB8 lines into the transmitter sync register. 


z 
[om] 
a 
oOo 
Lu 
ww” 





The positive going edge of this clock shifts data out of © 
the transmitter shift register, at a baud rate equal to the 
TCP clock frequency. 


A high-level input strobe loads the character on the DB1- 
DB8 lines into the transmitter data buffer register. 


A high-level input strobe loads the character on the DB1- 
DB8 lines into the receiver sync register. 


This input accepts the serial bit input stream. 


The negative-going edge of this clock shifts data into the 
receiver shift register, at a baud rate equal to the RCP 
clock frequency. 


A high-level input resets the RDA output to a low-level. 


A high-level input enables the outputs (RD8-RD1) of the 
receiver buffer register 


This output is at a high-level when an entire character has 
been received and transferred into the receiver buffer 
register. 


This output is at a high-level if the previously received 
character is not read (RDA not reset) before the present 
character is transferred into the receiver buffer register. 


These are the 8 tri-state data outputs enabled by RDE. 
Unused data output lines, as selected by NDB1 and NDB2, 
have a low level output, and received characters are right 
justified, i.e. the LSB always appears on the RD1 output. 


These 2 inputs are internally decoded to select either 5, 6, 7, 
or 8 data bits/character as per the following truth table: 


NDB2 NDB1 data bits/character 
L L 5 
L H 6 
H L 7 
H H 8 
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DESCRIPTION OF PIN FUNCTIONS 





PINNO. SYMBOL NAME FUNCTION 





37 NPB No Parity Bit A high-level input eliminates the parity bit from being 
transmitted. In addition, it is necessary that the received 
character contain no parity bit. Also, the RPE output is 
forced to a low-level. See pin 40, POE. 








39 cs Control Strobe A high-level input enters the control bits (NDB1, NDB2, 
POE, and NPB) into the control bits register. This line may 
be strobed or hard wired to a high-level. 


40 POE Odd/Even Parity The logic level on this input, in conjunction with the NPB 
Select input, determines the parity mode for both the reciever and 
transmitter, as per the following table: 


NPB POE MODE 
L L odd parity 
L H even parity 
H X no parity 


X = don’t care 


ADDITIONAL TIMING INFORMATION 
(Typical Propagation Delays) 


Transmitter 
TCP 


OUTPUT Tppo poi =s UNITS 


- 1. 
1 


! 
SCT 
OUTPUT a Vou TSO 
: VoL 
jf =e es a ee 
ey 











SSS PI] 
Receiver 
RCP 
Vit 
QUTPUT Tepo Tpepi UNITS 

| RDA NA 1.0 US 
on oon oe ee —— om on ROR 2.0 2.5 us 
OUTPUT N Vou RPE 20 25 us 
Vai SCR 20 25 ys 
= o_o oo RD1-RD8& 2.5 2.5 HS 

SS | 

[ig ee Co yee ae ees 


2us 2us 


RCP 


28 oe 28 
@ 250KHz H | | [ 





MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ..............--eeeeeeeeees Veadkawieters Peewee 0°C to +70°C 
Storage Temperature Range ............. cece eee eee eees Ma a eee eee eraces —55°C to +150°C 
Lead Temperature (soldering, 10 SCC.) ... 0... ec c ccc cece eect eee eee cceseaceees +325°C 
Positive Voltage on any Pin, Voc ....-..... 0. eee eee eee tarnine Seah Caen esoraee <saa'e KOO 
Negative Voltage on any PIR VCC aco apo l ee huse bana ies oa wale ae tas oem ete agin ty —25V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 


ELECTRICAL CHARACTERISTICS (Ta =0°C to 70°C, Vcc = +5V +5%, Vop = —12V +5%, unless otherwise noted) 


Parameter | Min Typ Max Unit Conditions 





2 
=) 

D.C. CHARACTERISTICS uw 
INPUT VOLTAGE LEVELS 

Low-level, Vit Vop 0.8 Vv 

High-level, Vin Vec-1.5 Vcc V 
OUTPUT VOLTAGE LEVELS 

Low-level, Vor 0.2 0.4 Vo loc =1.6mA 

High-level, Vou 2.4 4.0 V lon =—100uA 
INPUT CURRENT 

Low-level, lic , 1.6 mA see note1 
OUTPUT CURRENT 

Leakage, ILo —1 vA RDE=Vit,O SVout S+5V 

Short circuit, los** 10 mA Vout =O0V 
INPUT CAPACITANCE 

All inputs, Cin 5 10 pf Vin= Vcc, f= 1MHz 
OUTPUT CAPACITANCE 

All outputs, Court 10 20 pf Roe=Vir, f= 1MHz 
POWER SUPPLY CURRENT 

Hs ea iN All outputs = Vox 
A.C. CHARACTERISTICS Ta = +4+25°C 
CLOCK FREQUENCY DC 250 KHz RCP, TCP 
PULSE WIDTH 

Clock 1 us RCPRTCP 

Receiver reset 1 us RR 

Control strobe 200 ns CS 

Transmitter data strobe 200 ns TDS 

Transmitter sync strobe 200 ns TSS 

Receiver sync strobe 200 ns RSS 

Receiver data available 

reset 200 ns RDAR 

INPUT SET-UP TIME 

Data bits >0 ns DB1-DB8 

Control bits >0 ns NPB, NDB2, NDB1, POE 
INPUT HOLD TIME 

Data bits >0 ns DB1-DB8 

Control bits >0 ns NPB, NDB2, NDB1, POE 
STROBE TO OUTPUT DELAY Load = 20pf +1 TTL input 

Receive data enable 180 250 ns  RDE: Treo, Teo 
OUTPUT DISABLE DELAY 100 250 ns RDE 


**Not more than one output should be shorted at a time. 


NOTES: 
1. Under steady state condition no current flows for TTL or MOS interfacing. A switching current of 1.6 mA 
maximum flows during a transition of the input. 


2. The three-state output has 3 states: 
1) low impedance to Vcc 
2) low impedance to GND 
3) high impedance OFF = 10M ohms 
The OFF state is controlled by the RDE input. 


111 


DESCRIPTION OF OPERATION —RECEIVER/TRANSMITTER 


The input clock frequency for the receiver is set at 
the desired receiver baud rate and the desired 
receiver sync character (synchronous idle charac- 
ter) is loaded into the receiver sync register. When 
the Receiver Reset input transitions from a high- 
level to a low-level the receiver is set into the search 
mode (bit phase). In the search mode the serially 
received data bit stream is examined on a bit by bit 
basis until a sync character is found. A sync charac- 
ter is found, by definition, when the contents of the 
receiver sync register and the receiver shift register 
are identical. When this occurs the Sync Character 
Received output is set high. This character is then 
loaded into the receiver buffer register and the 
receiver is set into the character mode. In this mode 
each character received is loaded into the receiver 
buffer register. The receiver provides flags for Re- 
ceiver Data Available, Receiver Over Run, Receiver 
Parity Error, and Sync Character Received. Full 
double buffering eliminates the need for precise 
external timing by allowing one full character time 
for received data to be read out. 


The input clock frequency for the transmitter is set 


at the desired baud rate and the desired transmitter 
sync character is loaded into the transmitter sync 
register. internal logic decides if the character to be 
transmitted out of the transmitter shift register is 
extracted from the transmitter data register or the 
transmitter sync register. The next character trans- 
mitted is extracted from the transmitter data register 
provided that a Transmitter Data Strobe pulse 
occurs during the presently transmitted character. 
If the Transmitter Data Strobe is not pulsed, the next 
transmitted character is extracted from the trans- 
mitter sync register and the Sync Character Trans- 
mitted output is set to ahigh level. Full double buffer- 
ing eliminates the need for precise external timing by 
allowing one full character time to load the next 
character to be transmitted. 


There may be 5, 6, 7, or 8 data bits and odd/even 
or no parity bit. All inputs and outputs are directly 
TTL compatible. Tri-state data output levels are 
provided for the bus structure oriented signals. 
Input strobe widths of 200ns, output propagation 
delays of 250ns, and receiver/transmitter rates of 
250K baud are achieved. 


FLOW CHART — TRANSMITTER 













TURN POWER ON 
SET CONTROL BITS— PULSE CS 


SELECT BAUD RATE—TCP 





LOAD TRANSMITTER SHIFT 
REGISTER FROM TRANSMITTER 
DATA REGISTER 

SCT = 








YreaMT— 4 


A FULL CHARACTER 
BEEN TRANSMITTED 
? 





SET SYNC CHARACTER ONTO THE DATA BUS— PULSE TSS 


TRANSMIT 1 BIT 
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LOAD TRANSMITTER SHIFT 
REGISTER FROM TRANSMITTER 
SYNC REGISTER 

SCT =1 


aceenn Telnet Creericr Gaenee ee 





SET DATA BITS ONTO 
DATA BUS — PULSE TDS 
TBMT =0 









SET SYNC CHARACTER 
ONTO DATA BUS — 


PULSE TSS 








FLOW CHART— RECEIVER 


TURN POWER ON 
SELECT CONTROL BITS— PULSE CS 


SET RECEIVER SYNC CHARACTER ONTO DATA BUS— PULSE RSS 
PULSE RR—SETS RECEIVER INTO SEARCH MODE, RDA = ROR = RPE = SCR =0 









SHIFT 1 BIT INTO THE RECEIVER SHIFT REGISTER 





DO THE 
CONTENTS OF THE 
RECEIVER SHIFT REGISTER 
COMPARE TO THE CONTENTS 
OF THE RECEIVER 
SYNC REGISTER 

2? 










YES 


SET THE RECEIVER INTO THE CHARACTER MODE 
SCR =1 






LOAD THE RECEIVED CHARACTER INTO THE RECEIVER BUFFER REGISTER—RDA = 1 
EXAMINE OUTPUTS, PULSE RDAR, ADA =0 
IF DESIRED, SET NEW RECEIVER SYNC CHARACTER ONTO DATA BUS — PULSE RSS 







SHIFT 1 BIT INTO THE RECEIVER SHIFT REGISTER 







HAS 
A COMPLETE CHARACTER 
BEEN RECEIVED 











DOTHE 














CONTENTS OF THE 
YES RECEIVER SHIFT REGISTER 
SETSCR=1 COMPARE TO THE CONTENTS SET SCR=0 
OF THE RECEIVER 





SYNC REGISTER 
rd 













HAS 
THE PROPER 
PARITY BIT 
BEEN RECEIVED 
2 


YES , 
SET RPE=0 SET RPE =1 






SET ROR =0 SET ROR =1 
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NOTE 1 

The transmitter shift register is 
loaded with the next character 
at the positive clock transition 
corresponding to the leading 
edge of the last bit of the 
current character on the TSO 
output. TBMT is set high 
approximately two microsec- 
onds after this clock transition. 
If itis desired that the next 
character be extracted from 
the transmitter data register 
the leading edge of the TDS 
should occur at least one 
microsecond priors to this 
clock transition. 


USRT TIMING DIAGRAM 





NOTE 2 

In order to avoid an ROR 
indication the leading edge of 
the RDAR pulse should occur 
at least one microsecond prior 
to the negative clock transition 
corresponding to the center 

of the first bit after the last data 
bit on the RSI input. 


Data Character —M—»}+———__ Data Character 





NOTE 3 

The ROR, RPE, SCR and RD1- 
RD8 outputs are set to their 
correct levels approximately 
two microseconds after the 
negative clock transition 
corresponding to the center of 
the first bit after the last data 
bit on the RSI input. The RDA 
output is set high at the next 
negative clock transition. 


The solid waveforms corre- 
SpOnd to & Contrs! register 
setting of 5 data bits anda 
parity bit. The dashed wave- 
forms are for a setting of 6 data 
bits and no parity bit. 


—)| 








Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 


35 Marcus Blvd. Hauppauge. NY 11788 
{506} 273-3100 TWX-590-227-8898 


We leep ahead of our competition so you can keep ahead of yours. 







ne ne EEE EEE ed 


STANDARD MICROSYSTEMS 


—_— 


COM 2651 


[LPC FAMILY 


Programmable Communication Interface 
PCI | 


FEATURES 


LJ Synchronous and Asynchronous Full Duplex or 
Half Duplex Operations 
L] Re-programmable ROM on-chip baud 
rate generator 
CL] Synchronous Mode Capabilities 
— Selectable 5 to 8-Bit Characters 
— Selectable 1 or 2 SYNC Characters 
— internal Character Synchronization 
— Transparent or Non-Transparent Mode 
— Automatic SYNC or DLE-SYNC Insertion 
— SYNC or DLE Stripping 
— Odd, Even, or No Parity 
—Local or remote maintenance loop back mode 
(] Asynchronous Mode Capabilities 
— Selectable 5 to 8-Bit Characters 
—3 Selectable Clock Rates (1X, 16X, 64X the 
Baud Rate) 
— Line Break Detection and Generation 
—1,1%, or 2-Stop Bit Detection and Generation 
— False Start Bit Detection 
— Odd, Even, or No Parity 
— Parity, Overrun, and framing error detect 
— Local or remote maintenance loop back mode 
— Automatic serial echo mode 
L] Baud Rates 
—DCto1.0M Baud (Synchronous) | 
— DC to 1.0M Baud (1X, Asynchronous) 
— DC to 62.5K Baud (16X, Asynchronous) 
— DC to 15.625K Baud (64X, Asynchronous) 
C] Double Buffering of Data 


PIN CONFIGURATION 


28 D1 

27 DO 

26 Vcc 

25 RxC 
24DTR 
23 RTS 
22 DSR 
21 RESET 
20 BRCLK 
19 TxD 

18 TxEMT/DSCHG 
17 CTS 
16DCD 
15 TxRDY 


1 
se 
3 
4 
5 
6 
7 
8 
9 


RxRDY 14 


Package: 28-pin D.1.P. 





C] Internal or External Baud Rate Clock 
—16 Internal Rates:50 to 19,200 Baud. 

C1 Single +5 volt Power Supply . 

(] TTL Compatible 

C1 No System Clock Required 

{_] Compatible with 2651, INS2651 


GENERAL DESCRIPTION 


The COM 2651 is an MOS/LSI device fabricated 
using SMC’s patented COPLAMOS® technology 
that meets the majority of asynchronous and 
synchronous data communication requirements, 
by interfacing parallel digital systems to asyn- 
chronous and synchronous data communication 
channels while requiring a minimum of processor 
overhead. The COM 2651 contains a baud rate 
generator which can be programmed to either 
accept an external clock or to generate internal 
transmit or receive clocks. Sixteen different baud 
rates can be selected under program control when 
operating in the internal clock mode. The on-chip 
baud rate generator can be ROM reprogrammed to 
accommodate different baud rates and different 
starting frequencies. 

The COM 2651 is a Universal Synchronous/ 
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Asynchronous Receiver/ Transmitter (USART) 
designed for microcomputer system data com- 
munications. The USART is used as a peripheral 
and is programmed by the processor to com- 
municate in commonly used asynchronous and 
synchronous serial data transmission techniques 
including IBM Bi-Sync. The USART receives serial 
data streams and converts them into parallel data 
characters for the processor. While receiving serial 
data, the USART will also accept data characters 
from the processor in parallel format, convert them 
to serial format and transmit. The USART will sig- 
nal the processor when it has completely received 
or transmitted a character and requires service. 
Complete USART status including data format 
errors and control signals is available to the 
processor at any time. 
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DATA BUS 
00-D7 


DATA BUS 
BUFFER 


OPERATION CONTROL 


RESET 


AO: MODE REGISTER 1 
Al MODE REGISTER 2 


RW COMMAND REGISTER 


CE STATUS REGISTER 


ROM 
RE-PROGRAMMABLE 
BAUD RATE 
GENERATOR 
AND 
CLOCK CONTROL 
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SYN/DLE CONTROL 


SYN 1 REGISTER 
SYN 2 REGISTER 


DLE REGISTER 


















TRANSMITTER TxRDY 


TRANSMIT DATA 
HOLDING REGISTER 
TRANSMIT 
SHIFT REGISTER 


















TxD 















RxRDY 


RECEIVER 


RECEIVE DATA 
HOLDING REGISTER 
RECEIVE 
SHIFT REGISTER 





ee VCC 


<—q———_.. GND 


COM 2651 ORGANIZATION 


The COM 2651 is organized into 6 major sections. 
Communication between each section is achieved via 
an internal data and control bus. The data bus buffer 
allows a processor access to all internal registers on the 
COM 2651. 


Operation Control 

This functional block stores configuration and opera- 
tion commands from the processor and generates appro- 
priate signals to various internal sections to control the 
overall device operation. It contains read and write cir- 
cuits to permit communications with a processor via the 
data bus and contains Mode Registers 1 and 2, the 
Command Register, and the Status Register. Details of 
register addressing and protocol are presented in the 
COM 2651 programming section of this specification. 


Timing 

The COM 2651 contains a Baud Rate Generator (BRG) 
which is programmable to accept external transmit or 
receive ciocks or to divide an externai ciock to perform 
data communications. The unit can generate 16 com- 
monly used baud rates, any one of which can be selected 
for full duplex operation. Table 6 illustrates all available 
baud rates. 


Receiver 


The Receiver accepts serial data on the RxD pin, con- 
verts this serial input to parallel format, checks for bits 
or characters that are unique to the communication 
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technique and stores the “assembled” character in the 
receive data holding register until read by the processor. 


Transmitter 

The Transmitter accepts parallel data from the processor, 
converts it to a serial bit stream, inserts the appropriate 
characters or bits (based on the communication tech- 
nique) and outputs a composite serial stream of data on 
the TxD output pin. 


Modem Control 

The modem control provides three output signals and 
accepts three input signals used for “handshaking” and 
status indication between the COM 2651 and a modem. 


SYN/DLE Control 
This section contains control circuitry and three 8-bit 


registers storing the SYNi, SYN2, and DLE characiers 
provided by the processor. These registers are used in 
the synchronous mode of operation to provide the 
characters required for synchronization, idle fill and 


data transparency. 


Interface Signals 


The COM 2651 interface signals can be grouped into two 
types: the processor-related signals (shown in Table 2) which 
interface the COM 2651 to the processor, and the device- 
related signals (shown in Table 3), which are used to inter- 
face to the communications equipment. 


TABLE 2— PROCESSOR RELATED SIGNALS 


PIN NO. NAME SYMBOL FUNCTION . 


1,2,5,6, | Data D7-D2 | Bidirectional; 8 bit, three state data bus used to transfer commands, data and status 
7,8, 27,28 





between the COM 2651 and a processor. D9 is the least significant bit; D7 is the most 
significant bit. 





10,12 | Address A1,A@_ | Input; Address lines used to select COM 2651 registers. 
Chip Enable Input; when this signal is low, the operation specified by the R/W, A1 and A@will be 
performed. When this input is high, D7-@ are in the high impedance state. 
Read/Write Input; Processor read/write direction control. This signal defines the direction of the 





data bus D7-0 when the COM 2651 is selected. D7- drives out (read) when this signal is 
low and accepts data input when this signal is high. The input only has meaning when 
the chip enable input is active. 


RxRDY | Output; This signal is the complement of Status Register bit 1 (SR1). When low, it 
indicates that the Receive Data Holding Register (RHR) has a character ready for input 
to the processor. It goes high when the RHR is read by the processor, and also when 
the receiver is disabled. It is an repent drain output which can be used as an interrupt 


to the processor. 


14 Receiver Ready 
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‘Output; This signal is the complement of Status Register bit 0(SRO). When low, it 
indicates that the Transmit Data Holding Register (THR) is ready to accept a data 
character from the processor. It goes high when the data character is loaded. This output 
is valid only when the transmitter is enabled. It is an open drain output which can be | 
used as an interrupt to the processor. 


15 Transmitter 


TxRDY 
Ready 





18 

















; Transmitter 
| empty/data 


set change 


21 i Reset 





Supply Voltage 


Ground 








| by the processor, or that a change of state of the DSR or DCD inputs has occurred. 


Output; This signal is the complement of Status Register bit 2 (SR2). When low, it . 
indicates that the transmitter has completed serialization of the last character loaded 









| This output goes high when the Status Register is read by the processor, if the 

| TxEMT condition does not exist. Otherwise, the THR must be loaded by the processor 
for this line to go high. lt is an open drain output which can be used as an interrupt 
to the processor. 





—-+ 


Reset | 











Input; A high on this input performs a master reset on the COM 2651. This signal 
: asynchronously terminates any device activity and clears the Mode, Command and 

Status registers. The device assumes the idle state and remains there until initialized 
with the appropriate control words. 








a +5 volts supply. 






TABLE 3— DEVICE RELATED SIGNALS 






































PIN NO. NAME | SYMBOL FUNCTION 
3 Receive Data - RxD Input; Serial data to the receiver. “Mark” is high “space” is low. 
9 Transmitter TxC Input or Output; If the external transmitter clock is programmed, this input controls 
Clock the rate at which the character is transmitted. Its frequency is 1X, 16X or 64X, the Baud 
rate as programmed by Mode Register 1. The transmitted data changes on the falling 
edge of the clock. If the internal transmitter clock is programmed, this pin becomes 
an output at 1X the programmed Baud rate. 
16 Data Carrier DCD Input; This signal must be low in order for the receiver to function. The complement 
Detect appears in the Status Register bit 6 (SR6). When this input changes state a low output 
on TxEMT/DSCHG occurs. 

17 Clear to Send CTS Input; This signal must be low in order for the transmitter to function. If itgoes high | | 
during transmission, the character in the Transmit Shift Register will be transmitted 
before termination. 

[ ns ca —EE 

19 Transmit Data TxD Output; Serial data from the transmitter. “Mark” is high, “Space” is low. This signal is 

held in the “Mark” condition when the transmitter is disabled. 

20 Baud Rate Clock’ BRCLK | Input; The standard device requires a 5.0688MHz clock to the interna! Baud rate 

| | generator allowing for Baud rate shown in Table6. The reprogrammable ROM on chip 
: | allows for user specificed Baud rates and input frequency. Consult the factory for 
details. This input is not required if external receive and transmit clocks are used. 
a SS 
22 Data Set Ready DS : Input; This general purpose signal can be used for Data Set Ready or Ring Indicator 
| | | condition. Its complement appears as Status Register bit 7 (SR7). When this input 
H | changes state, a low output on TXEMT/ DSCHG occurs. 
[tee coat 
23 ~=| Request to Send RTS Output; This general purpose signal is the complement of the Command Register bit 5 
‘ [ (CRS). It is normally used to indicate Request to Send. 
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TABLE 3— DEVICE RELATED SIGNALS 





4 














FUNCTION 








PIN NO. NAME SYMBOL 
24 Data Terminal DTR 
25 Receive Clock RxC 








Output; This general purpose signal is the complement of the Command Register 
bit 1 (CR1). It is normally used to indicate Data Terminal Ready. 





Input or Output; If the external receiver clock is programmed, this input controls the 

rate at which the character is to be received. Its frequency is 1X, 16X, or 64X the Baud 
rate, as programmed by Mode Register 1. Data are sampied on the rising edge of the 

clock. If internal receiver clock is programmed, this pin becomes an output at 1X the 
| Programmed Baud rate. 











COM 2651 OPERATION 


The functional operation of the COM 2651 is programmed 
by a set of contro! words supplied by the processor. 
These control words specify items such as synchronous 
or asynchronous mode, baud rate, number of bits per 
character, etc. The programming procedure is described 
in the COM 2651 Programming section of this data sheet. 


After programming, the COM 2651 is ready to perform 
the desired communications functions. The receiver 
performs serial to parallel conversion of data received 
from a modem or equivalent device. The transmitter 
converts parallel data received from the processor to a 
serial bit stream. These actions are accomplished within 
the framework specificed by the control words. 


Receiver 

The COM 2651 is conditioned to receive data when the 
DCD input is low and the RxEN bit in the command 
register is true. In the asynchronous mode, the receiver 
looks for a high to low transition on the RxD input line 
indicating the start bit. If a transition is detected, the 
state of the RxD line is sampled again after a delay of 
one-half of a bit time. !f RxD is now high, the search for 
a valid start bit is begun again. If RxD is still low, a valid 
start bit is assumed and the receiver continues to sample 
the input line at one bit time intervals until the proper 
number of data bits, the parity bit, and the stop bit(s) 
have been assembled. The data is then transferred to the 
Receive Data Holding Register, the RxRDY bit in the 
status register is set, and the RxRDY output is asserted. 
If the character length is less than 8 bits, the high order 
unused bits in the Holding Register are set to zero. The 
Parity Error, Framing Error, and Overrun Error status 
bits are strobed into the status register on the positive 
going edge of RxC corresponding to the received char- 
acter boundary. If a break condition is detected (RxD is 
low for the entire character as well as the stop bit[s]), 
only one character consisting of all zeros (with the 
Framing error status bit set) will be transferred to the 
Holding Register. The RxD input must return te a high 
condition before a search for the next start bit begins. 


When the COM 2651 is initialized into the synchronous 


mn mel thn en nan $: + + + 
mode, the receiver first enters the hunt mode cn aQic! 


transition of RxEN (CR2). In this mode, as data is shifted 
into the Reciver Shift Register a bit at a time, the con- 
tents of the register are compared to the contents of the 
SYN1 register. If the two are not equal, the next bit is 
shifted in and the comnarison is reneated. When the two 
registers match, the hunt mode is terminated and char- 
acter assembly begins. If the single SYN operation is 
programmed, the SYN DETECT status bit is set. If double 
SYN operation is programmed, the first character assem- 
bled after SYN1 must be SYN2 in order for the SYN 
DETECT bit to be set. Otherwise, the COM 2651 returns 





to the hunt mode. (Note that the sequence SYN1-SYN1- 
SYN2 will not achieve synchronization). When syn- 
chronization has been achieved, the COM 2651 con- 
tinues to assemble characters and transfers them to the 
Holding Register. The RxRDY status bit is set and the 
RxRDY output is asserted each time a character is assem- 
bled and transferred to the Holding Register. The Overrun 
error (OE) and Parity error (PE) status bits are set as 
appropriate. Further receipt of the proper SYN 
sequence sets the SYN DETECT status bit. If the SYN 
stripping mode is commanded, SYN characters are not 
transferred to the Holding Register. Note that the SYN 
characters used to establish initial synchronization are 
not transferred to the Holding Register in any case. 


Transmitter 

The COM 2651 is conditioned to transmit data when the 
CTS input is low and the TxEN command register bit is 
set. The COM 2651 indicates to the processor that it can 
accept a character for transmission by setting the 
TxRDY status bit and asserting the TxRDY output. When 
the processor writes a character into the Transmit Data 
Holding Register, the TxRDY status bit is reset and the 
TxXRDY output is returned to a high (false) state. Data 
is transferred from the Holding Register to the Transmit 
Shift Register when it is idle or has completed trans- 
mission of the previous character. The TxRDY condi- 
tions are then asserted again. Thus, one full character 
time of buffering is provided. 


In the asynchronous mode, the transmitter automatically 
sends a start bit followed by the programmed number 
of data bits, the least significant bit being sent first. it then 
appends an optional odd or even parity bit and the pro- 
grammed number of stop bits. If, following transmission 
of the data bits, a new character is not available in the 
Transmit Holding Register, the TxD output remains in 
the marking (high) condition and the TxXEMT/DSCHG 
output and its corresponding status bit are asserted. 
Transmission resumes when the processor loads a new 
character into the Holding Register. The transmitter can 
be forced to output a continuous low (BREAK?) condi- 
tion by setting the Send Break command bit high. 


In the synchronous mode, when the COM 2651 is initially 
conditioned to transmit, the TxD output remains high and 
the TxRDY condition is asserted until the first character to 
be transmitted (usually a SYN character) is loaded by the 
processor, Subsequent to this, a continuous stream of 
characters is transmitted. No extra bits (other than parity, 
if commanded) are generated by the COM 2651 unless the 
processor fails to send a new character to the COM 2651 
by the time the transmitter has completed sending the 
previous character. Since synchronous communication 
does not allow gaps between characters, the COM 2651 
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asserts TxEMT and automatically “fills” the gap by 
transmitting SYN1s, SYN1-SYN2 doublets, or DLE-SYN1 
doublets, depending on the state of MR16 and MR17. COM 2651 INITIALIZATION FLOW CHART 
Normal transmission of the message resumes when anew INITIAL RESET 

character is available in the Transmit Data Holding 
Register. tf the SEND DLE bit in the command register is TT) 
true, the DLE character is automatically transmitted prior 
to transmission of the message character in the transmit 


: : NOTE 
holding register. LOAD Mode Register 1 must be written 
MODE REGISTER 2 before 2 can be written. Mode Register 2 
COM 2651 PRO GR AMMIN G need not be programmed if external 


lock d. 
Prior to initiating data communications, the COM 2651 ee eee 


operational mode must be programmed by performing 
write operations to the mode and command registers. NOTE 

In addition, if synchronous operation is programmed, Y SYN1 Register must be written 
the appropriate SYN/DLE registers must be loaded. The before SYN2 can be written, and 
COM 2651 can be reconfigured at any time during pro- Sin nemsiee Si Ne belore DEP can De mninen: 
gram execution. However, if the change has an effect on 
the reception of a character the receiver should be dis- Souare J) 

abled. Alternatively if the change is made 1%2RxC periods 

after RxRDY goes active it will affect the next character a / 
assembly. A flowchart of the initialization process 

appears in Figure 1. 


The internal registers of the COM 2651 are accessed by 
applying specific signals to the CE, R/W, A1 and AO 
inputs. The conditions necessary to address each register 
are shown in Table 4. 


The SYN1, SYN2, and DLE registers are accessed by 
performing write operations with the conditions A1=0, LOAD 

AO=1, and R/W=1. The first operation loads the SYN1 DLE REGISTER 
register. The next loads the SYN2 register, and the third 
loads the DLE register. Reading or loading the mode 
registers is done in a similar manner. The first write (or 


=a 
oO 
e 
oO 
lu 
~~ 





TRANSPARENT 


LOAD ; MODE? 
SYN 2 REGISTER 


LOAD 


read) operation addresses Mode Register 1, and a sub- COMMAND REGISTER | 
sequent operation addresses Mode Register 2. If more 

than the required number of accesses are made, the c—— -——4 
internal sequencer recycles to point at the first register. 1 OpenATE —s | 


oe eee gp oe ee ed 


The pointers are reset to SYN1 Register and Mode 
Register 1 by a RESET input or by performing a “Read 
Command Register” operation, but are unaffected by any 
other read or write operation. 


The COM 2651 register formats are summarized in 
Tables 5, 6, 7 and 8. Mode Registers 1 and 2 define the 
general operational characteristics of the COM 2651, AND TRANSMITTER 
while the Command Register controls the operation 
within this basic framework. The COM 2651 indicates 
its status in the Status Register. These registers are 
cleared when a RESET input is applied. 





| ce | ar | ao | Rw | FUNCTION 


Tri-state data bus 

Read receive holding register 
Write transmit holding register 
Read status register 

Write SYN1/SYN2/DLE registers 





Read mode registers 1 and 2 
Write mode registers 1 and 2 
Read command register 
Write command register 





oooo0oo0o0°o 
4~--43-34Q000 x 
-"A=-"0O0;+-+00 X 
-=~o+-+0O-0+-0 x 


NOTE 
See AC Characteristics section for timing requirements. 


Table 4— COM 2651 REGISTER ADDRESSING 





119 


MODE REGISTER 1 (MR1) 

Table 5 illustrates Mode Register 1. Bits MR11 and MR10 performs a parity check on incoming data. MR15 selects 
select the communication format and Baud rate multi- odd or even parity when parity is enabled by MR14. 
plier. OO specifies synchronous mode and 1X multiplier. In asych 

mane ychronous mode, MR17 and MR16 select character 
1X, 16X, and 64X multipliers are programmable for framing of 1, 1.5, or 2 stop bits. (if 1X baud rate is pro- 
asynchronous format. However, the multiplier in asyn- —_ grammed, 1.5, stop bits defaults to 1 stop bits on trans- 
chronous format applies only if the external clock input mit), in synchronous mode, MR17 controls the number 
option is selected by MR24 or MR25. of SYN characters used to establish synchronization 


MR13 and MR12 select a character length of 5, 6, 7, or 8 and for character fill when the transmitter is idle. SYN1 
bits. The character length does not include the parity bit, alone is used if MR17=1, and SYN1-SYN2 is used when 
if programmed, and does not include the start and stop MR17=0. If the transparent mode is specified by MR16, 
. bits in asynchronous mode. DLE-SYN1 is used for character fill and SYN Detect, but 


MR14 controls parity generation. If enabled, a parity bit 
is added to the transmitted character and the receiver 


the normai synchronization sequence is used. Also DLE 
stripping and DLE Detect (with MR14=0) are enabled. 


| MR10 


Mode and Baud Rate Factor 












Sync/Async Parity Type Parity Control Character Length 


















ASYNCH: STOP BIT LENGTH 

















00=INVALID 0=OD0D O=DISABLED 00=5 BITS 9C=SYNCHRONOUS 1X RATE 
01=1 STOP BIT 1=EVEN 1=ENABLED 01=6 BITS 01=ASYNCHRONOUS 1X RATE 
10=1% STOP BITS 10=7 BITS 10=ASYNCHRONOUS 16X RATE 
11=2 STOP BITS 11=8 BITS 11=ASYNCHRONOUS 64X RATE 




















SYNCH: NUMBER 
OF SYN CHAR 


0=DOUBLE SYN 
1=SINGLE SYN 


SYNCH: TRANS- 
PARENCY CONTROL 
Q=NORMAL 
1=TRANSPARENT 

















ae 





NOTE Baud rate factor in asynchronous applies only if external clock is selected. Factor is 16X if 
internat clock is setected. Mode must be selected (MR11, MR10) in any case. 


TABLE 5—MODE REGISTER 1(MR1) 





MODE REGISTER 2 (MR2) 


Table 6 illustrates Mode Register 2. MR23, MR22, MR21, inputs TxC and RxC as the clock source for the trans- 
and MR20 control the frequency of the internal Baud mitter and receiver, respectively. If the BRG clock is 
rate generator (BRG). Sixteen rates are selectable. When selected, the Baud rate factor in asynchronous mode ts 
driven by a 5.0688 MHz input at the BRCLK input (pin 20), 16X regardless of the factor selected by MR11 and MR10. 


the BRG output has zero error except at 134.5, 2000, and in addition, the corresponding clock pin provides an 
19,200 Baud, which have errors of +0.016% +0.253%, output at 1X the Baud rate. Custom Baud rates other 
and +3.125% respectively. than the ones provided by the standard part are avail- 


MR25 and MR24 select either the BRG or the external 4b/e. Contact the factory for details. 












































MR27 mae MR26 MR25 a MR24 MR23-MR20 
, Theoretical Actual 
Transmitter | Receiver Baud Frequency Frequency Percent 
| Clock =| Clock Code Rate 16X Clock 16X Clock Error Divisor 
sie i a GPa ras | I = a | 
| O=EXTERNAL | O=EXTERNAL § 0000 | 50 0.8 KHz 0.8 KHz = 6336 
NOT USED |  1=INTERNAL | 1=INTERNAL | 0001 | 75 1.2 | 1.2 ee 4224 
| 0010 | 110 | 1.76 1.76 a 2880 
| 0011 134.5 2.152 | 2.1523 0.016 2355 
| 0100 150 2.4 | 2.4 _ 2112 
0101 | 300 48 | 48 = i 4056 | 
0110 600 | 96 96 = | 528 
0111 1200 19.2 19.2 = 264 
| 1000 1800 28.8 | 28.8 _ 176 
too1 =| 2000 | 420 32.081 i 9.253 158 
1010 2400 38.4 38.4 | = 132 
1011 3600 57.6 57.6 | = 88 
| 1100 4800 76.8 76.8 oa 66 
| 4401 7200 415.2 115.2 = 44 
1110 9600 153.6 153.6 _ 33 
| | 1411 19200° 307.2 316.8 3.125 16 





NOTE “Error at 19200 can be reduced to zero by using crystal frequency 4.9152MHz 
16X clock is used in asynchronous mode. in synchronous mode, clock multiplier is 1X. 
Baud rates are valid for crystal frequency = 5.0688MHz 


TABLE 6—MODE REGISTER 2 (MR2) 
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COMMAND REGISTER (CR) 


Table 7 illustrates the CommandRegister. Bits CRO (TxEN) 
and CR2 (RxEN) enable or disable the transmitter and 
receiver respectively. A 0 to 1 transition of CR2 forces 
start bit search (async mode) or hunt mode (sync mode) 
on the second RxC rising edge. Disabling the receiver 
causes RxRDY to go high (inactive). If the transmitter is 
disabled, it will complete thetransmission of the character 
in the Transmit Shift Register (if any) prior to terminat- 
ing operation. The TxD output will then remain in the 
marking state (high) while the TxRDY and TxEMT will 
go high (inactive). If the receiver is disabled, it will termi- 
nate operation immediately. Any character being assem- 
bled will be neglected. 


In asynchronous mode, setting CR3 will force and hold 
the TxD output low (spacing condition) at the end of the 
current transmitted character. Normal operation resumes 
when CR3 is cleared. The TxD line will go high for at least 
one bit time before beginning transmission of the next 
character in the Transmit Data Holding Register. In syn- 
chronous mode, setting CR3 causes the transmission 
of the DLE register contents prior to sending the char- 
acter in the Transmit Data Holding Register. CR3 should 
be reset in response to the next TxRDY. 


Setting CR4 causes the error flags in the Status Register 
(SR3, SR4, and SRS ) to be cleared. This is a one time 
command. There is no internal latch for this bit. 


The COM 2651 can operate in one of four sub-modes 
within each major mode (synchronous or asynchronous). 
The operational sub-mode is determined by CR7 and 
CR6. CR7-CR6=00 is the normal mode, with the trans- 
mitter and receiver operating independently in accor- 
dance with the Mode and Status Register instructions. 


In asynchronous mode, CR7-CR6=01 places the COM 
2651 in the Automatic Echo mode. Clocked, regenerated 
received data is automatically directed to the TxD line 
while normal receiver operation continues. The receiver 
must be enabled (CR2=1), but the transmitter need not 
be enabled. Processor to receiver communications con- 
tinues normally, but the processor to transmitter link 
is disabled. Only the first character of a break condi- 
tion is echoed. The TxD output will go high until the 
next valid start is detected. The following conditions 
are true while in Automatic Echo mode: 


1. Data assembled by the receiver are automatically 
placed in the Transmit Holding Register and retrans- 
mitted by the transmitter on the TxD output. 

2. The transmitter is clocked by the receive clock. 

3. TxRDY output=1. 

4. The TXEMT/DSCHG pin will reflect only the data set 
change condition. 











5. The TXEN command (CRO) is ignored. 


In synchronous mode, CR7-CR6=01 places the COM 
2651 in the Automatic SYN/DLE Stripping mode. The 
exact action taken depends on the setting of bits MR17 
and MR16: 


1. In the non-transparent, single SYN mode (MR17- 
MR16=10), characters in the data stream matching 
SYN1 are not transferred to the Receive Data Holding 
Register (RHR). 

2. In the non-transparent, double SYN mode (MR17- 
MR16=00), characters in the data stream matching, 
SYN1, or SYN2 if immediately preceded by SYN1, are 
-not transferred to the RHR. However, only the first 
SYN1 of an SYN1-SYN1 pair is stripped. 

3. In transparent mode (MR16=1), characters in the 
data stream matching DLE, or SYN1 if immediately 
preceded by DLE, are not transferred to the RHR. 
However, only the first DLE of a DLE-DLE pair is 
stripped. 


Note that Automatic Stripping mode does not affect the 
setting of the DLE Detect and SYN Detect status bits 
(SR3 and SRS). 


Two diagnostic sub-modes can also be configured. In 
Local Loop Back mode (CR7-CR6=10), the following 
loops are connected internally: 


1. The transmitter output is connected to the receiver 
input. a 

2. DTR is connected to DCD and RTS is connected to 
CTS. 

3. The receiver is clocked by the transmit clock. 

4. The DTR, RTS and TxD outputs are held high. 

5. The CTS, DCD, DSR and RxD inputs are ignored. 


Additional requirements to operate in the Local Loop 
Back mode are that CRO (TxEN), CR1 (DTR), and CR5 
(RTS) must beset to 1. CR2 (RxEN) is ignored by the 
COM 2651. 


The second diagnostic mode is the Remote Loop Back 
mode (CR7-CR6=11). In this mode: 


1. Data assembled by the receiver is automatically 
placed in the Transmit Holding Register and retrans- 
mitted by the transmitter on the TxD output. 

. The transmitter is clocked by the receive clock. 

. No data are sent to the local processor, but the error 
status conditions (PE, OE, FE) are set. 

. The RxRDY, TxRDY, and TxEMT/DSCHG outputs are 
held high. 

. CRO (TXEN) is ignored. 

6. All other signals operate normally. 





a -& WN 






































CR7 L CR6 | CR5 cR4 CR2 cR1 CRO 
ace | Request to Receive Data Terminal Transmit 
Operating Mode | Send Retet Error Sync/Async | Control (RXEN) Ready Control (TxEN) 
bh in + ' —— 
| | | ASYNCH: 
00=NORMAL OPERATION 0=NORMAL FORCE BREAK 
01==ASYNCH: AUTOMATIC | O=FORCERTS | 1=RESET 0=NORMAL O=DISABLE | 0=FORCEDTR| 0=DISABLE 
ECHO MODE OUTPUT HIGH | ERROR FLAG 1=FORGE 1=ENABLE | OUTPUTHIGH | 1=ENABLE 
SYNCH: SYN AND/OR 1=FORCE RTS | INSTATUS BREN 1=FORCE DTR 
DLE STRIPPING MODE » OUTPUTLOW = (FE, OE, r | OUTPUT LOW 
10=LOCAL LOOP BACK ' PE/DLE DETECT) | SYNCH: 
11=REMOTE LOOP BACK | SEND DLE 
i 0=NORMAL 
[ 1=SEND DLE 
= ws = i J 





TABLE 7— COMMAND REGISTER (CR) 
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STATUS REGISTER (SR) 


The data contained in the Status Register (as shown in 
Table 8) indicate receiver and transmitter conditions and 
modem/data set status. 


SRO is the Transmitter Ready (TxRDY) status bit. It, and 
its corresponding output, are valid only when the trans- 
mitter is enabled. lf equal to 0, it indicates that the 
Transmit Data Holding Register has been loaded by the 
processor and the data has not been transferred to the 
Transmit Shift Register. If set equal to 1, it indicates that 
the Holding Register is ready to accept data from the 
processor. This bit is initially set when the Transmitter 
is enabled by CRO, unless a character has previously 
been loaded into the Holding Register. it is not set when 
the Automatic Echo or Remote Loop Back modes are 
programmed. When this bit is set, the TxRDY output pin 
is low. In the Automatic Echo and Remote Loop Back 
modes, the output is held high. 


SR1, the Receiver Ready (RxRDY) status bit, indicates 
the condition of the Receive Data Holding Register. If set, it 
indicates that a character has been loaded into the 
Holding Register from the Receive Shift Register and is 
ready to be read by the processor. If equal to zero. there 
is no new character in the Holding Register. This bit is 
cleared when the processor reads the Receive Data 
Holding Register or when the receiver is disabled by CR2. 
When set, the RxRDY output is low. 


The TXEMT/DSCHG bit, SR2, when set, indicates either 
a change of state of the DSR or DCD inputs or that the 
Transmit Shift Register has completed transmission of a 
character and no new character has been loaded into 
the Transmit Data Holding Register. Note that in syn- 
chronous mode this bit will be set even though the 
appropriate “fill” character is transmitted. TxEMT will not 
go active until at least one character has been trans- 
mitted. It is cleared by loading the Transmit Data Hold- 
















0= DSR INPUT 0=DCD INPUT 







O0=NORMAL 











ASYNCH: 








1S HIGH IS HIGH 1=OVERRUN 
ciate paddles = MA 
1=DSR INPUT 1=DCD INPUT sabe dh . ERROR 
1=FRAMING 
ISLOW IS LOW 


ERROR 

SYNCH: 
0=NORMAL 

| | 1=SYN CHAR | 








DETECTED 





ing Register. The DSCHG condition is enabled when 
TXxEN = 1 or RxEN = 1. It is cleared when the Status Reg- 
ister is read by the processor. When SR2 is set, the TxEMT/ 
DSCHG output is low. 

SR3, when set, indicates a received parity error when 
parity is enabled by MR14. In synchronous transparent 
mode (MR16=1), with parity disabled, it indicates that 
acharacter matching the DLE Register has been received. 
However, only the first DLE of two successive DLEs will 
set SR3. This bit is cleared when the receiver is dis- 
abled and by the Reset Error command, CR4. 

The Overrun Error status bit, SR4, indicates that the 
previous character loaded into the Receive Holding 
Register was not read by the processor at the time a new 
received character was transferred into it. This bit is 
cleared when the receiver is disabled and by the Reset 
Error command, CR4. 

In asynchronous mode, bit SR5 signifies that the re- 
ceived character was not framed by the programmed 
number of stop bits. (if 1.5 stop bits are programmed, 
only the first stop bit is checked.) If the RHR contains all 
0's when SR5=1, a break condition is present. In syn- 
chronous non-transparent mode (MR16=0), it indicates 
receipt of the SYN1 character in single SYN mode or the 
SYN1-SYN2 pair in double SYN mode. In synchronous 
transparent mode (MR16=1), this bit is set upon detec- 
tion of the initial synchronizing characters (SYN1 or 
SYN1-SYN2) and, after synchronization has been 
achieved, when a DLE-SYN1 pair is received. The bit is 
reset when the receiver is disabled, when the Reset Error 
command is given in asynchronous mode, or when the 
Status Register is read by the processor in the syn- 
chronous mode. aene 

SR6 and SR7 reflect the conditions of the DCD and DSR 
inputs respectively. A iow input sets the corresponding 
status bit and a high input clears it. 





























O0=NORMAL 0= RECEIVE O=TRANSMIT 







ASYNCH: 

















1=CHANGE HOLDING REG | HOLDING 
0=NORMAL INDSROR EMPTY REG BUSY 
1=PARITY DCB, oR 1=RECEIVE 1=TRANSMIT 
TRANSMIT HOLDING REG | HOLDING 
SYNCH: SHIFT REGIS- HAS DATA REG EMPTY 
TER iS 
| 0=NORMAL | ery | | 
1=PARITY 
, oe | | | 
OR 


DLE CHAR 
RECEIVED 


TABLE 8—STATUS REGISTER (SR) 


122 








eee en ee Pee Ry ae CS 





TIMING DIAGRAMS 


TxRDY, TxEMT (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode}]) 


TxC (1X) 


SYNCHRONOUS MODE 


ASYNCHRONOUS MODE 


TxEMT 


CE FOR 

WRITE 

OF THR 
DATA 1 


NOTES 


A = Start bit 

B =Stop bit 1 

C =Stop bit 2 

D =TxD marking condition 


TxEMT goes low at the beginning of the last data bit. or. if parity is enabled, at the beginning of the parity bit. 


RxRDY (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode]) 


SYNDET 
STATUS BIT 


SYNCHRONOUS MODE 


READ READ READ READ 
STATUS STATUS, RHR y RHR 
(DATA 1) {DATA 3) (DATA 3) 


RxRDY 


ASYNCHRONOUS MODE 


OVERRUN 
STATUS BIT 


READ : READ 
RHR RHR 
(DATA 1) (DATA 3) 
NOTES 


Start bit 
- Stop bit 1 
Stop bit 2 
TxD marking condition 
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TIMING DIAGRAMS (Cont'd) 


RESET 


RESET : 
BRCLK, Txc, Axe 


TRANSMIT 


(1, 16, OR 64 CLOCK PERIODS) 7 


Txt 
(INPUT) 


Axe (1x) 


TC 
(OUTPUT) 


READ AND WRITE 








So-S7 sus 
(READ) FLOATING 
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RECEIVE 





BUS FLOATING 





MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ........ ccc cece e cece ete cece eee eee ee eee eee teen eee ete eseeeetees 0°C to + 70°C 
Storage Temperature: Range: a... cca ak eee wile So ectele ea et ein oo die aie Sane eeiate eee adds waa ales —55°C to +150°C 
Lead Temperature (Soldering, 10 SCC.) 21... el ccc cee ce cee te eee ee teen eect eee teeeeeeuens +325°C 
Positive Voltage on any Pin, with respect to ground ...... 0... cece cece ce eee teen eee tennneeeeees +18.0V 
Negative Voltage on any Pin, with respect to ground ........ 0... ccc cee cee ee teen e tenet eeeneeeeeees —0.3V 


"Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it it important that the Absolute Maximum 
Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their 
outputs when the AC power is switched on and off. In addition, voltage transients on the AC power line may appear on the 
DC output. For example, the bench power supply programmed to deliver +12 volts may have large voltage transients when 
the AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 


DC ELECTRICAL CHARACTERISTICS Ta=O0°C to +70°C, Vec=5.0V +5% 


PARAMETER | min | typ | max | unr | TEST CONDITIONS 


=z 
i=) 
- 
o 
ad 
n 





Input voltage 
Vir Low Vv 
Vin High 2.0 

Output voltage 
Voi Low 0.4 V lo.=1 .6mA 
Vou High 2.4 lon=—~—100uA 
In Input leakage current po tA 0105.25 


Output leakage current 
lun Data bus high 10 LA Vo=4.0V 
lo Data bus low 10 LA Vo=0.45V 


loc Power supply current aE ee B=: 


Capacitance 
Cin Input 20 pF 
fe= 1MHz 
Cour Output 20 pF Unmeasured pins tied 
to ground 
Cro Input/Output 20 pF 


AC ELECTRICAL CHARACTERISTICS T,=0°C to +70°C, Vec=5.0V +5% 


PARAMETER [| min | typ | max | UNIT TEST CONDITIONS 


Pulse width 
tres Reset 1000 
toe Chip enable 300 


Setup and hold time 
tas Address setup 20 ns 
ta Address hold 20 ns 
tes R/W control setup 20 ns 
tou R/W control hold 20 ns 
tos Data setup for write 225 ns : 
tox Data hold for write 0 ns 
taxs Rx data setup 300 ns 
taxu Rx data hold 350 ns 
too Data delay time for read 250 ns C.=100pF 
tor Data bus floating time 
__for read 150 ns C.=100pF 
tceo CE to CE delay 700 ns 
Input clock frequency 
fang Baud rate generator 1.0 5.0688 5.0738 MHz 
far TxC or Rx dc 1.0 MHz 


Clock width 
tery Baud rate high 70 ns fanc =5.0688MHz 
tor. Baud rate low 70 ns fare = 5.0688MHz 
tan TxC or RxC high 500 ns 
tram Tx or RxC low 500 ns 
: i eee ae 
trxo TxD delay from falling 
‘edge of Tx ns C.=100pF 

tres Skew between TxD 

changing and falling e 

edge of TiC output ns C.= 100pF 


NOTE: 
1. far and tan shown for all modes except Local Loopback. For Local Loopback mode 
far=0.7 MHz and tar.=700ns min. 
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TYPICAL APPLICATIONS 


SYNCHRONOUS INTERFACE 
TO TERMINAL OR 
PERIPHERAL DEVICE 


ASYNCHRONOUS INTERFACE 
TO CRT TERMINAL 






ADDRESS BUS 


CONTROL BUS : 


DATA BUS 


{ ADDRESS BUS j 


CONTROL BUS 





















ass ae 1 
EIA TO TTL 
CONVERT i 
{OPT) 
ai poses : COM 2651 Sv eenana 


OR PERIPHERAL 
DEVICE 


cRT 
TERMINAL 


5.0688 MHz 
OSCILLATOR 


ASYNCHRONOUS INTERFACE SYNCHRONOUS INTERFACE 
TO TELEPHONE LINES TO TELEPHONE LINES 


CONTROL BUS 


DATA BUS 


( ADDRESS BUS j 


CONTROL BUS 


DATA BUS \ 
















COM 2651 


5.0688 MHz | 
OSCILLATOR 


OTR [O ; | 
TELEPHONE 
LINE 


TELEPHONE 
LINE 


SS 

J 

2 

a 

aad 

x 
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STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
CORPORATION tions, consequently complete information sufficient for construction purposes is not necessarily given. The 
ee information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 


35 Marcus Bid. Hauppauge Ny 7g8 - @SSUMed for inaccuracies. Furthermore. such information does not convey to the purchaser of the semiconductor 
1516) 273-3100 TWX-510 227-8998 devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 


We keen ahead of our competition so you can keep ahead of yours. at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
—_—— 


COM 2661-1 
COM 2661-2 
COM 2661-3 


UPC FAMILY 


Enhanced Programmable 
Communication Interface 
EPCI 


FEATURES 


L] Synchronous and Asynchronous Full Duplex or 
Half Duplex Operations 
L] Re-programmable ROM on-chip baud 
rate generator _ 
(] Synchronous Mode Capabilities 
—Selectable 5 to 8-Bit Characters 
— Selectable 1 or 2 SYNC Characters 
— Internal or External Character Synchronization 
— Transparent or Non-Transparent Mode 
— Transparent mode DLE stuffing. (Tx) 
and detection (Rx) 
—Automatic SYNC or DLE-SYNC Insertion 
—SYNC, DLE and DLE-SYNC stripping 
— Odd, Even, or No Parity 
—Local or remote maintenance loop back mode 


C1 Asynchronous Mode Capabilities 
— Selectable 5 to 8-Bit Characters plus parity 
—3 Selectable Clock Rates (1X, 16X, 64X the 

Baud Rate) 

—Line Break Detection and Generation 
— 1, 1%, or 2-Stop Bit Detection and Generation 
— False Start Bit Detection 
— Odd, Even, or No Parity 
—Parity, Overrun, and framing error detect 
—Local or remote maintenance loop back mode 
— Automatic serial echo mode (echoplex) 

L] Baud Rates 
—DC to 1.0M Baud (Synchronous) 
—DC to 1.0M Baud (1X, Asynchronous) 
—DC to 62.5K Baud (16X, Asynchronous) 
—DC to 15.625K Baud (64X, Asynchronous) 


PIN CONFIGURATION 


28D1 
27D0 
J} 26 Vcc 
25 RxC/BKDET 
24DTR - 
23RTS 
22DSR 
21 RESET 
20 BRCLK 


D4 
DS 
D6 
D7 


OWN Ooh WN 


TxC/XSYNC 


A110 
CE 11 

AO 12 
R/W 13 
RxRDY 14 


19 TxD 
18 TxEMT/DSCHG 


4 17CTS 


16DCD 
15 TxRDY 


Package: 28-pin D.1.P. 


CJ Double Buffering of Data 

CL] RxC and TxC pins are short circuit protected 
Oi Internal or External Baud Rate Clock 

(13 baud rate sets (2661-1, -2, -3) 

(J 16 internal rates for each version 

C1 Single +5 volt Power Supply 

CI TTL Compatible 

(1 No System Clock Required. 

(1 Compatible with EPCI 2661 


GENERAL DESCRIPTION 


The COM 2661 is an MOS/LSI device fabricated 
using SMC’s patented COPLAMOS® technology. 
It is an enhanced pin and register compatible 
version of the COM 2651 that meets the majority of 
asynchronous and synchronous data communica- 
tion requirements, by interfacing parallel digital 
systems to asynchronous and synchronous data 
communication channels while requiring a mini- 
mum of processor overhead. The COM2661 
contains a baud rate generator which can be 
programmed to either accept an external clock or 
to generate internal transmit or receive clocks. 
Sixteen different baud rates can be selected under 
program control when operating in the internal 
clock mode. Each version of the COM 2661 (-1, 
-2, -3) has a different set of baud rates. Custom 
baud rates can be ROM reprogrammed to accom- 
modate different baud rates and different starting 
frequencies. 


The COM 2661 is a Universal Synchronous/ 
Asynchronous Receiver/Transmitter (USART) 
designed for microcomputer system data com- 
munications. The USART is used as-a peripheral 
and is programmed by the processor to com- 
municate in commonly used asynchronous and 
synchronous serial data transmission techniques 
including IBM Bi-Sync. The USART receives serial 
data streams and converts them into parallel data 
characters for the processor. While receiving serial 
data, the USART will also accept data characters 
from the processor in parallel format, convert them 
to serial format and transmit. The USART will sig- 
nal the processor when it has completely received 
or transmitted a character and requires service. 
Complete USART status including data format 
errors and control signals is available to the 
processor at any time. 
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DATA BUS 
D0-D7 


OPERATION CONTROL 
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COM 2661 ORGANIZATION 


The COM 2661 is organized into 6 major sections. 
Communication between each section is achieved via 
an internal data and control bus. The data bus buffer 
allows a processor access to all iriternal registers on the 
COM 2661. The differences between the COM 2661 and 
COM 2651 are outlined in table 1. 


Operation Control 

This functional block stores configuration and opera- 
tion commands from the processor and generates appro- 
priate signals to various internal sections to control the 
overall device operation. It contains read and write cir- 
cuits to permit communications with a processor via the 


data bus and contains Mode Registers 1 and 2, the | 


Command Register, and the Status Register. Details of 
register addressing and protocol are presented in the 
COM 2661 programming section of this specification. 
Timing 

The COM 2661 contains a Baud Rate Generator (BRG) 
which is programmable to accept external transmit or 
receive clocks or to divide an external clock to perform 
daia Communications. The unit can generaie 16 com- 
monly used baud rates, any one of which can be selected 
for full duplex operation. Tables 2a, b, and c illustrate all 
available baud rates. 


Receiver 


The Receiver accepts serial data on the RxD pin, con- 
verts this serial input to parallel format, checks for bits 


128 


or characters that are unique to the communication 
technique and stores the “assembled” character in the 
receive data holding register until read by the processor. 


Transmitter 


The Transmitter accepts parallel data from the processor, 
converts it to a serial bit stream, inserts the appropriate 
characters or bits (based on the communication tech- 
nique) and outputs a composite serial stream of data on 
the TxD output pin. 


Modem Control 


The modem control provides three output signals and 
accepts three input signais used for “handshaking” and 
status indication between the COM 2661 and a modem. 


SYN/DLE Control 


This section contains control circuitry and three 8-bit 
registers storing the SYN1, SYN2, and DLE characters 
provided by the processor. These registers are used in 
the synchronous mode of operation to provide the 
characters required for synchronization, idle fill and 


data tranenaransyu 
Nahe ta ipur we iw ye 


Interface Signals 

The COM 2661 interface signals can be grouped into 
two types: the processor-related signals (shown in Table 
3) which interface the COM 2661 to the processor, and 
the device-related signals (shown in Table 4), which are 
used to interface to the communications equipment. 
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TABLE 3—-PROCESSOR RELATED SIGNALS 














PIN NO. NAME SYMBOL | - s FUNCTION 
1,2,5,6, | Data D7-D@ | Bidirectional; 8 bit, three state data bus used to transfer commands, data and status 
7,8,27,28 between the COM 2661 and a processor. D@ is the least significant bit; D7 is the most 
significant bit. 
10,12 | Address A1,A@ | Input; Address lines used to select COM 2661 registers. 
11 Chip Enable CE input; when this signal is low, the operation specified by the R/W, Al and A@ will be 


performed. When this input is high, D7-2-.are in the high impedance state. 





13 Read/Write R/wW Input; Processor read/write direction control. This signal defines the direction of the 
data bus D7-0 when the COM 2661 is selected. D7-@ drives out (read) when this signal is 
low and accepts data input when this signal is high. The input only has meaning when 
the CE input is active. 





14 Receiver Ready RxRDY | Output; This signal is the complement of Status Register bit 1 (SR1). When low, it 
: indicates that the Receive Data Holding Register (RHR) has a character ready for input 
to the processor. It goes high when the RHR is read by the processor, and also when 
the receiver is disabled. It is an open drain output which can be used as an interrupt 
.. | to the processor. ; 
| TxRDY 
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Output; This signal is the complement of Status Register bit 0 (SRO). When low, it 
indicates that the Transmit Data Holding Register (THR) is ready to accept a data 
character from the processor. It goeshigh when the data character is loaded. This output 
is valid only when the transmitter is enabled. It is an open drain output which can be 
used as an interrupt to the processor. ; 





15 Transmitter 
; Ready 








18 Transmitter TxEMT/ | Output; This signal is the complement of Status Register bit 2 (SR2). When low, it 
empty/data .DSCHG | indicates that the transmitter has completed serialization of the last character loaded 
set change by the processor, or that a change of state of the DSR or DCD inputs has occurred. 

‘| This output goes high when the Status Register is read by the processor, if the 

TxEMT condition does not exist. Otherwise, the THR must be loaded by the processor] 
for this line to go high. It is an open drain output which can be used as an interrupt 
to the processor. 





21 Reset Reset | Input; A high on this input performs a master reset on the COM 2661. This signal 
asynchronously terminates any device activity and clears the Mode, Command and 
Status registers. The device assumes the idle state and remains there until! initialized 
with the appropriate control words. 


26 Supply Voltage +5 volts supply. 


TABLE 4—DEVICE RELATED SIGNALS 


[PIN No. | NAME SYMBOL: _ FUNCTION . 
RxD 


Receive Date Input; Serial data to the receiver. “Mark” is high “space” is low. 














9 Transmitter TxC/ | Input or Output; If the external transmitter clock is programmed, this input controls 
Clock/External XSYNC | the rate at which the character is transmitted. Its frequency is 1X, 16X or 64X, the Baud 
Sync rate as programmed by Mode Register 1. The transmitted data changes on the falling 


edge of the clock. If the internal transmitter clock is programmed, this pin can bea 
1X/16X clock output or an external jam synchronization input. 








16 Data Carrier DCD Input; This signal must be low in order for the receiver to function. The complement 


Detect appears in the Status Register bit 6 (SR6). DCD causes a low output on TXEMT/DSCHG). 


when its state changes if CR2 or CRO=1. If DCD goes high while receiving, the RxC 
is internally inhibited. 











17 Clear to Send CTS Input; This signal must be low in order for the transmitter to function. If it goes high 
during transmission, the character in the Transmit Shift Register will be transmitted 
before termination. 











19 Transmit Data TxD Output; Serial data from the transmitter. “Mark” is high, “Space” is low. This signal is 
held in the “Mark” condition when the transmitter is disabled. 








20 Baud Rate Clock | BRCLK | Input; Clock input to the internal baud rate generator (See Tables 2a, b and c); not 
required if the external receiver and transmitter clocks are used. 





oO 
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22 Data Set Ready Input; This general purpose signal can be used for Data Set Ready or Ring Indicator 
condition. lts complement.appears as Status Register bit 7 (SR7). DSR causes a low 


output on TXEMT/DSCHG when its state changes if CR2 or CRO=1. 

















23 Request to Send RTS Output; This general purpose signal is the complement of the Command Register bit 5) 
(CRS). It is normally used to indicate Requestto Send. Ifthe Transmit Shift Register is not 
empty when CR5 is reset (1 to 0), then RTS will go high on TxC time after the last serial 
bit is transmitted. 











24 Data Terminal DTR Output; This general purpose signal is the complement of the Command Register 
Ready bit 1 (CR1). It is normally used to indicate Data Terminal Ready. 

25 Receive Clock/ RxC/ | Input or Output; If the external receiver clock is programmed, this input controls the 
Break Detect BKDET | rate at which the character is to be received. Its frequency is 1X, 16X, or 64X the Baud 


rate, aS programmed by Mode Regisier 1. Data are sampied on the rising edge of the 
clock. If internal receiver clock is programmed, this pin can be a 1X/16X clock ora 
break detect output. 
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Table 1 COM 2661 vs. COM 2651 



















1, MR2 Bit6, 7 
2. DLE detect-SR3 


Not used 
SA3=1 for DLE-DLE, 
DLE-SYNC1 
Receiver disable, or 
CR4=1 


Control pin 9, 25 
SR3=0 for OLE-DLE, 
DLE-SYNC1 


Second character after 
OLE; or receiver 
disable, or CR4=1 


One time command 






3. Reset of SR3, DLE 
detect 

4, Send DLE-CR3 Reset via CR3 on next 

| TxRDY 

Automatic DLE stuffing | None 

when DLE is loaded 

except if CR3=1 


5. DLE stuffing in 
transparent mode 








6. SYNC} stripping All SYNC1 First SYNC1 of pair 
in double sync 
non-transparent 
mode 

7. Baud rate versions | Three One 

8. Terminate ASYNG Reset CR5 in response to| Reset CRO when TxEMT 
transmission TxRDY changing from | goes from 1 to0. Then 
{drop RTS) Otol reset CR5 when TXEMT 





goes from 0 to 1 
FE and null character 
Two 











9. Break detect Pin 25' 
10. Stop bit searched One 















11, External jam sync Pin 9? No 
12. Data bus timing improved over 2651 - 
13. Data bus drivers Sink 2.2mA Sink 1.6mA 





Source 400uA Source 100pA 


NOTES 

1, Internal BRG used tor AxC. 

2. Internal BRG used for TxC. 

Table 2a BAUD RATE GENERATOR CHARACTERISTICS 
2661-1 (BRCLK=4.9152MHz) 








ACTUAL 
BAUD FREQUENCY PERCENT 
MR23-20 RATE 16X CLOCK ERROR DIVISOR 
0000 50 O.8kHz - 6144 
0001 75 1.2 4096 
0010 110 1.7598 —0.01 2793 
0011 134.5 2,152 = 2284 
0100 150 24 — 2048 
0101 200 3.2 - 1836 
0110 300 48 - 1024 
oft 600 9.6 = S12 
1000 1050 16.8329 0.196 292 
1001 4200 19.2 oe 256 
1010 1800 28.7438 —0,19 Wt 
4011 2000 31.9168 -0,26 154 
1100 2400 38.4 = 128 
1101 4800 76.8 = 64 
11140 9600 153.6 - 32 
1114 19200 307.2 _ 16 








Table 2b BAUD RATE GENERATOR CHARACTERISTICS 
aon = 2 (ORELK Aa eet) 




















[ ACTUAL 
BAUD = FREQUENCY = PERCENT 
MR23-20 RATE 16x CLOCK ERROR _DIVISOR 

000 =|) 455 0.7279kHz 0.005 6752 

0001 50 08 = 6144 

0010 75 12 = 4096 

0011 110 1.7598 -0.01 2793 

0100 1345 2.152 - 2284 

0101 150 24 - 2048 

o110 300 48 e 1024 

ont 600 96 = 512 

7000 1200 19.2 _ 256 

1001 1800 28.7438 -0.19 71 

1010 2000 31.9168 ~0.26 164 | 

4011 2400 38.4 ~ we | 

1100 4800 76.8 - oO? 

1101 9600 153.6 - 32 

1110 19200 307.2 - 16 
[1911 {38400 | 814.4 | - | 8 | 





Table 2c BAUD RATE CHARACTERISTICS 
2661 -3 (BRCLK=5.0688MHz) 




















ACTUAL 
BAUD FREQUENCY PERCENT 
MR23-20 RATE 16X CLOCK ERROR 
(0000 50 oakhz | — 
0001 75 1.2 - 
0010 110 1.76 - 
0011 134.5 2.1523 0.016 
0100 . 180 24 - 
0101 300 48 - 
0110 600 96 - 
ottt 1200 19.2 ~ 
1000 1800 28.8 - 
1001 2000 32.081 0.253 
1010 2400 38.4 > 
1011 3600 57.6 - 
1100 4800 76.8 _ 
1101 7200 115.2 - 
1110 9600 153.6 _ 
1111 19200 316.8 | 3.125 











NOTE. 
16X clock ts used in asynchronous mode. In synchronous mode, clock multiptier is 1X and 
BRG can be used only for TxC. 


COM 2661 OPERATION 


The functional operation of the COM 2661 is programmed 
by a set of control words supplied by the processor. 
These control words specify items such as synchronous 
or asynchronous mode, baud rate, number of bits per 
character, etc. The programming procedure is described 
in the COM 2661 Programming section of this data sheet. 


After programming, the COM 2661 is ready to perform 
the desired communications functions. The receiver 
performs serial to parallel conversion of data received 
from a modem or equivalent device. The transmitter 
converts parallel data received from the processor to a 
serial bit stream. These actions are accomplished within 
the framework specified by the control words. 


Receiver 


The COM 2661 is conditioned to receive data when the 
DCD input is low and the RxEN bit in the command 
register is true. In the asynchronous mode, the receiver 
looks for a high to low (mark to space) transition of the 
start bit on the RxD input line. If a transition is detected, 
the state of the RxD line is sampled again after a delay of 
one-half of a bit time. if RxD is now high, the search for 
a valid start bit is begun again. If RxD is still low, a valid 
start bit is assumed and the receiver continues to sample 
tne input iine at one bit time intervais untii the proper 
number of data bits, the parity bit, and one stop bit have 
been assembled. The data is then transferred to the 
Receive Data Holding Register, the RxRDY bit in the 
status register is set, and the RxRDY output is asserted. 
If the character length is less than 8 bits, the high order 
unused bits in the Holding Register are set to zero. The 
Parity Error, Framing Error, and Overrun Error status 
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bits are strobed into the status register on the positive 
going edge of RxC corresponding to the received char- 
acter boundary. If the stop bit is present, the receiver will 
immediately begin its search for the next start bit. If the 
stop bit is absent (framing error), the receiver will inter- 
pret a space as a start bit if it persists into the next bit 
time interval. If a break condition is detected (RxD is 
low for the entire character as well as the stop bit), only 
one character consisting of all zeros (with the Framing 
error status bit set) will be transferred to the Holding 
Register. The RxD input must return to a high condition 
before a search for the next start bit begins. 


Pin 25 can be programmed to be a break detect output 
by appropriate setting of MR27-MR24. If so, a detected 
break will cause that pin to go high. When RxD returns to 
mark for one RxC time, pin 25 will go low. Refer to the 
break detection timing diagram. 


When the COM 2661 is initialized into the synchronous 
mode, the receiver first enters the hunt mode on a Oto 1 
transition of RxEN (CR2). In this mode, as data is shifted 
into ihe Receiver Shift Regisier a bit at a time, the con- 
tents of the register are compared to the contents of the 
SYN1 register. If the two are not equal, the next bit is 
shifted in and tne comparison is repeated. When the two 
registers match, the hunt mode is terminated and char- 
acter assembly begins. If the single SYN operation is 
programmed, the SYN DETECT status bit is set. If double 
SYN operation is programmed, the first character assem- 
bled after SYN1 must be SYN2 in order for the SYN 
DETECT bit to be set. Otherwise, the COM 2661 returns 
to the hunt mode. (Note that the sequence SYN1-SYN1- 








SYN2 will not achieve synchronization). When syn- 
chronization has been achieved, the COM 2661 con- 
tinues to assemble characters and transfers them to the 
Holding Register. The RxRDY status bit is set and the 
RxRDY output is asserted each time a character is assem- 
bled and transferred to the Holding Register. The Overrun 
error (OE) and Parity error (PE) status bits are set as 
appropriate. Further receipt of the proper SYN sequence 
sets the SYN DETECT status bit. If the SYN stripping 
mode is commanded, SYN characters are not trans- 


ferred to the Holding Register. Note that the SYN char- — 


acters used to establish initial synchronization are not 
transferred to the Holding Register in any case. 


External jam synchronization can be achieved via pin 9 
by appropriate setting of MR27-MR24. When pin 9 is an 
XSYNC input, the internal SYN1, SYN1-SYN2, and DLE- 
SYN1 detection is disabled. Each positive going signal 
on XSYNC will cause the receiver to establish synchro- 
nization on the rising edge of the next RxC pulse. 
Character assembly will start with the RxD input at this 
edge. XSYNC may be lowered on the next rising edge of 
RxC. This external synchronization will cause the SYN 
DETECT status bit to be set until the status register is 
read. Refer to XSYNC timing diagram. 


Transmitter 


The COM 2661 is conditioned to-transmit data when the 
CTS input is low and the TxEN command register bit is 
set. The COM 2661 indicates to the processor that it can 
accept a character for transmission by setting the 
TxRDY status bit and asserting the TxRDY output. When 
the processor writes a character into the Transmit Data 
Holding Register, the TxRDY status bit is reset and the 
TxRDY output is returned to a high (false) state. Data 
is transferred from the Holding Register to the Transmit 
Shift Register when it is idle or has completed trans- 
mission of the previous character. The TxRDY condi- 
tions are then asserted again. Thus, one full character 
time of buffering is provided. 


In the asynchronous mode, the transmitter automatically 
sends a start bit followed by the programmed number 
of data bits, the least significant bit being sent first. It then 
appends an optional odd or even parity bit and the pro- 
grammed number of stop bits. If, following transmission 
of the data bits, a new character is not available in the 
Transmit Holding Register, the TxD output remains in 
the marking (high) condition and the TxXEMT/DSCHG 
output and its corresponding status bit are asserted. 
Transmission resumes when the processor loads a new 
character into the Holding Register. The transmitter can 
be forced to output a continuous low (BREAK) condi- 
tion by setting the Send Break command bit high. 


In the synchronous mode, when the COM 2661 is initially 
conditioned to transmit, the TxD output remains high and 
the TxRDY condition is asserted until the first character to 
be transmitted (usually a SYN character) is loaded by the 
processor. Subsequent to this, a continuous stream of 
characters is transmitted. No extra bits (other than parity, 
if commanded) are generated by the COM 2661 unless the 
processor fails to send a new character to the COM 2661 
by the time the transmitter has completed sending the 
previous character. Since synchronous communication 
does not allow gaps between characters, the COM 2661 
asserts TxEMT and automatically “fills” the gap by 
transmitting SYN1s, SYN1-SYN2 doublets, or DLE-SYN1 
doublets, depending on the state of MR16 and MRi17. 
Normal transmission of the message resumes when a new 
character is available in the Transmit Data Holding 
Register. If the SEND DLE bit in the command register is 
true, the DLE character is automatically transmitted 
prior to transmission of the message character in the 
transmit holding register. 
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COM 2661 PROGRAMMING 


Prior to initiating data communications, the COM 2661 
operational mode must be programmed by performing 
write operations to the mode. and command registers. 
In addition, if synchronous operation is programmed, 
the appropriate SYN/DLE registers must be loaded. The 
COM 2661 can be reconfigured at any time during pro- 
gram execution. A flow chart of the initialization process 
appears in Figure 1. 


The internal registers of the COM_2661 are accessed by 
applying specific signals to the CE, R/W, A1 and AO 
inputs. The conditions necessary to address each register 
are shown in Table 5. 


The SYN1, SYN2, and DLE registers are accessed by 
performing write operations with the conditions A1=0, 
A0=1, and R/W=1. The first operation loads the SYN1 
register. The next loads the SYN2 register, and the third 
loads the DLE register. Reading or loading the mode 
registers is done in a similar manner. The first write (or 
read) operation addresses Mode Register 1, and a sub- 
sequent operation addresses Mode Register 2. If more 


COM 2661 INITIALIZATION FLOW CHART 


INITIAL RESET 


LOAD 
MODE REGISTER 1 
NOTE 


Mode Register 1 must be written 
MODE REGISTER 2 | before 2 can be written. Mode Register 2 
need not be programmed if external 
clocks are used. 


SYNCHRONOUS? 


Y 
LOAD 
SYN 1 REGISTER 


a 


TRANSPARENT 


LOAD 5 MODE? 
SYN 2 REGISTER 


NOTE 
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before SYN2 can be written, and 
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than the required number of accesses are made, the 
internal sequencer recycles to point at the first register. 
The pointers are reset to SYN1 Register and Mode 
Register 1 by a RESET input or by performing a “Read 
Command Register” operation, but are unaffected by any 
other read or write operation. 


The COM 2661 register formats are summarized in 
Tables 6, 7, 8 and 9. Mode Registers 1 and 2 define the 
general operational characteristics of the COM 2661, 
while the Command Register controls the operation 
within this basic framework. The COM 2661 indicates 
its status in the Status Register. These registers are 
cleared when a RESET input is applied. 


FUNCTION 


Tri-state data bus 

Read receive holding register 
Write transmit holding register 
Read status register 

Write SYN1/SYN2/DLE registers 
Read mode registers 1 and 2 
Write mode registers 1 and 2 
Read command register 

Write command register 


oqoooo0o0o0o— 


X X 
0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
a J 
1 1 


NOTE 
See AC Characteristics section for timing requirements. 


Table 5—COM 2661 REGISTER ADDRESSING 


MODE REGISTER 1 (MR1) 


Table 6 illustrates Mode Register 1. Bits MR11 and MR10 
select the communication format and Baud rate multi- 
plier. 00 specifies synchronous mode and 1X multiplier. 
1X, 16X, and 64X multipliers are programmable for 
asynchronous format. However, the multiplier in asyn- 
chronous format applies only if the external clock input 
option is selected by MR24 or MR25. 


MRi3 and MR12 select a character length of 5, 6, 7, or 8 
bits. The character length does not include the parity bit, 
if programmed, and does not include the start and stop 
bits in asynchronous mode. 


MR14 controls parity generation. If enabled, a parity bit 
is added to the transmitted character and the receiver 
performs a parity check on incoming data. MR15 selects 
odd or even parity when parity is enabled by MR14. 


In asynchronous mode, MR17 and MR16 select character 
framing of 1, 1.5, or 2 stop bits (if 1X baud rate is pro- 
grammed, 1.5, stop bits defaults to 1 stop bits on trans- 
mit). In synchronous mode, MR17 controls the number 
of SYN characters used to establish synchronization 
and for character fill when the transmitter is idle. SYN1 
alone is used if MR17=1, and SYN1-SYN2 is used when 
MR17=0. If the transparent mode is specified by MR16, 
DLE-SYN1 is used for character fill and SYN Detect, but 
the normal synchronization sequence is used. When 
transmitting, a DLE character in the transmit holding 
register will cause a second DLE character to be trans- 
mitted. This DLE stuffing eliminates the software DLE 
compare and stuff on each transparent mode data char- 
acter. If the send DLE command (CR39) is active when a 
DLE is loaded into THR, only one additiona! DLE will be 
transmitted. Also DLE stripping and DLE Detect (with 
MR14=0) are enabled. 


Sync/Asyne Parity Type Parity Control Mode and Baud Rate Factor 


ASYNCH: STOP BIT LENGTH 
00=INVALID 

01=1 STOP BIT 

10=1% STOP BITS 


11=2 STOP BITS 


SYNCH: NUMBER 
OF SYN CHAR 

0=DOUBLE SYN 

1=SINGLE SYN 


SYNCH: TRANS- 
PARENCY CONTROL 

O0=NORMAL 

1=TRANSPARENT 


0=DISABLED 
1=ENABLED 





00=5 BITS 
01=6 BITS 
10=7 BITS 
11=8 BITS 


00=SYNCHRONOUS 1X RATE 
01=ASYNCHRONOUS 1X RATE 
10=ASYNCHRONOUS 16X RATE 
11=ASYNCHRONOUS 64X RATE 


NOTE Baud rate factor in asynchronous applies only if external clock is selected. Factor is 16X if 
internal clock is selected. Mode must be selected (MR11, MR10) in any case. 


TABLE 6—MODE REGISTER 1 (MR1) 





MODE REGISTER 2 (MR2) 


Table 7 illustrates mode register 2 (MR23, MR22, MR21 
and MR20 control the frequency of the internal baud rate 
generator (BRG). Sixteen rates are selectable for each 
COM 2661 version (-1, -2, -3). Version 1 and 2 speci- 
fy a 4.9152 MHz TTL input at BRCLK (pin 20); version 
3 specifies a 5.0688 MHz input which is identical to the 


COM 2651. MR23-20 are don’t cares if external clocks 
are selected (MR25-24=0). The individual rates are 
given in table 2a, b and c. 

MR24-MR27 select the receive and transmit clock source 
(either the BRG or an external input) and the function 
at pins 9 and 25. Refer to table 7. 











TxC RxC Pind Pin 25 TxC 
0000 E E TxC RxC 1000 E 
0001 E | TxC 1X 1001 E 
0010 I Ee 1X RxC 1010 ! 
0011 | | 1X 1X 1011 j 
0100 E E TxC RxC 1100 E 
0101 E | TxC 16X 1101 E 
0110 | E 16X RxC 1110 I 
0111 ! ! 16X 16X 1111 1 








NOTES 


1. When pin 9 is programmed as XSYNC input, SYN1, SYN1-SYN2, and DLE-SYN1 detection is disabled. 





RxC 


E 
| 
E 
| 
E 
| 
E 
1 











Pin 9 Pin 25 Mode Baud Rate Selection 
XSYNC' RxC/TxC sync 

TxC BKDET async 
XSYNC' RxC sync 

1X BKDET async See baud rates in table 2 

XSYNC' RxC/TxC sync 

TxC BKDET async 
XSYNC' RxC sync 

16X BKDET async 





E= External clock 
1X and 16X are ciock outputs 


TABLE 7—MODE REGISTER 2 (MR2) 
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t= Internal clock (BRG) 
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COMMAND REGISTER (CR) 


Table 8 illustrates the Command Register. Bits CRO (TxEN) 
and CR2 (RxEN) enable or disable the transmitter and 
receiver respectively. A 0 to 1 transition of CR2 forces 
start bit search (asyne mode) or hunt mode (sync mode) 
on the second RxC rising edge. Disabling the receiver 
causes RxRDY to go high (inactive). If the transmitter is 
disabled, it will complete the transmission of the character 
in the Transmit Shift Register (if any) prior to terminat- 
ing operation. The TxD output_will then remain in the 
marking state (high while the TxRDY and TxEMT will 
go high (inactive). If the receiver is disabled, it will termi- 
nate operation immediately. Any character being assem- 
bled will be neglected. Bits CR1 (DTR) and CR5 (RTS) 
control the DTR and RTS outputs. Data at the outputs 
are the logical complement of the register data. 


In asynchronous mode, setting CR3 will force and hold 
the TxD output low (spacing condition) at the end of the 
current transmitted character. Normal operation resumes 
when CR3 is cleared. The TxD line will go high for at least 
one bit time before beginning transmission of the next 
character in the Transmit Data Holding Register. In syn- 
chronous mode, setting CR3 causes the transmission 
of the DLE register contents prior to sending the char- 
acter in the Transmit Data Holding Register. Since this is 
a one time command, CR3 does not have to be reset by 
software. CR3 should be set when entering and exiting 
transparent mode and for all DLE—non-DLE char- 
acter sequences. 


Setting CR4 causes the error flags in the Status Register 
(SR38, SR4, and SR5) to be cleared. This is a one time 
command. There is no internal latch for this bit. When 
CR5 (RTS) is set, the RTS pin is forced low and the trans- 
mit serial logic is enabled. A 1 to0 transition of CRS will 
cause RTS to go high (inactive) one TxC time after the 
last serial bit has been transmitted (if the transmit shift 
register was not empty). 


The COM 2661 can operate in one of four sub-modes 
within each major mode (synchronous or asynchronous). 
The operational sub-mode is determined by CR7 and 
CR6. CR7-CR6=00 is the normal mode, with the trans- 
mitter and receiver operating independently in accor- 
dance with the Mode and Status Register instructions. 


In asynchronous mode, CR7-CR6=01 places the COM 
2661 in the Automatic Echo mode. Ciocked, regenerated 
received data are automatically directed to the TxD line 
while normal receiver operation continues. The receiver 
must be enabled (CR2=1), but the transmitter need not 
be enabled. Processor to receiver communications con- 
tinue normally, but the processor to transmitter link 
is disabled. Only the first character of a break condi- 
tion is echoed. The TxD output will go high until the 
next valid start is detected. The following conditions 
are true while in Automatic Echo mode: 

1. Data assembled by the receiver are automatically 











placed in the Transmit Holding Register and retrans- 
mitted by the transmitter on the TxD output. 

2. The transmitter is clocked by the receive clock. 

3. TXRDY output=1. 

4. The TXEMT/DSCHG pin will reflect only the data set 
change condition. 

5. The TxEN command (CRO) is ignored. 


In synchronous mode, CR7-CR6=01. places the COM 
2661 in the Automatic SYN/DLE Stripping mode. The 
exact action taken depends on the seiting of bits MR17 
and MR16: 

1. In the non-transparent, single SYN mode (MR17- 
MR16=10), characters in the data stream matching 
SYN1 are not transferred to the Receive Data Holding 
Register (RHR). 

2. in the non-transparent, double SYN mode (MR17- 
MR16=00), characters in the data stream matching 
SYN1, or SYN2 if immediately preceded by SYN1, are 
not transferred to the RHR. 

3. In transparent mode (MR16=1), characters in the 
data stream matching DLE, or SYN1 if immediately 
preceded by DLE, are not transferred to the RHR. 
However, only the first DLE of a DLE-DLE pair is 
stripped. 


Note that Automatic Stripping mode does not affect the 
setting of the DLE Detect and SYN Detect status bits 
(SR3 and SR35). 


Two diagnostic sub-modes can also be configured. In 

Local Loop Back mode (CR7-CR6= 10), the following 

loops are connected internally: 

1. The transmitter output is connected to the receiver 
input. = — 

2. DTR is connected to DCD and RTS is connected to 
CTS. 





3. The receiver is clocked by the transmit clock. 
4. The DTR, RTS and TxD outputs are held high. 
5. The CTS, DCD, DSR and RxD inputs are ignored. 


Additional requirements to operate in the Local Loop 
Back mode are that CRO (TxEN), CR1 (DTR), and CR5 
(RTS) must be set to 1. CR2 (RxEN) is ignored by the 
COM 2661. 


The second diagnostic mode is the Remote Loop Back 
mode (CR7-CR6=11). In this mode: 


1. Data assembled by the receiver is automatically 
placed in the Transmit Holding Register and retrans- 
mitted by the transmitter on the TxD output. 

. The transmitter is clocked by the receive clock. 

. No data are sent to the local processor, but the error 
status conditions (PE, OE, FE) are set. 

. The RxRDY, TxRDY, and TXEMT/DSCHG outputs are 
held high. 

. CR1 (TXEN) is ignored. 

. All other signals operate normally. 





on fF WN 


[ew [ee es ee se de Tl dd 
- Request to Receive Data Terminal Transmit 
aims SHneANPS | Controt(rxeN) | Ready | Control (TxEN) 


00 =NORMAL OPERATION 
01 =ASYNCH: AUTOMATIC 
ECHO MODE 
SYNCH: SYN AND/OR 
DLE STRIPPING MODE 
10 =LOCAL LOOP BACK 
11= REMOTE LOOP BACK 


Q FORCE RTS O=NORMAL 


OUTPUT HIGH] 1=RESET 


ONE CLOCK 
TIME AFTER 
TxSR SERIAL- 
IZATION 
FORCE RTS- 
OUTPUT LOW 


ERROR FLAG 
IN STATUS 
(FE, OE. 


PE/DLE DETECT) 





ASYNCH: 

FORCE BREAK 

0=NORMAL Q=DISABLE |0=FORCE DTR 

1=FORCE 1=ENABLE OUTPUT HIGH 
BREAK 1=FORCE DTR 

SYNCH: OUTPUT LOW 


SEND DLE 


O=NORMAL 
1=SEND DLE 


O=DISABLE 
1=ENABLE 


TABLE 8—-COMMAND REGISTER (CR) 
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STATUS REGISTER (SR) 


The data contained in the Status Register (as shown in 
Table 9) indicate receiver and transmitter conditions and 
modem/data set status. 


SRO is the Transmitter Ready (TxRDY) status bit. It, and 
its corresponding output, are valid only when the trans- 
mitter is enabled. If equal to 0, it indicates that the 
Transmit Data Holding Register has been loaded by the 
processor and the data has not been transferred to the 
Transmit Shift Register. If set equal to 1, it indicates that 
the Holding Register is ready to accept data from the 
processor. This bit is initially set when the Transmitter 
is enabled by CRO, unless a character has previously 
been loaded into the Holding Register. It is not set when 
the Automatic Echo or Remote Loop Back modes are 
programmed. When this bit is set, the Tx output pin 
is low. In the Automatic Echo and Remote Loop Back 
modes, the output is held high. 


SR1, the Receiver Ready (RxRDY) status bit, indicates 
the condition of the Receive Data Holding Register. If set,it 
indicates that a character has been loaded into the 
Holding Register from the Receive Shift Register and is 
ready to be read by the processor. If equal to zero, there 
is no new character in the Holding Register. This bit is 
cleared when the processor reads the Receive Data 
Holding Register or when the receiver is disabled by CR2. 
When set, the RxRDY output is low. 


The TxEMT/DSCHG bit, SR2, when set, indicates either 
a change of state of the DSR or DCD inputs (when CR2 
or CRO=1) or that the Transmit Shift Register has com- 
pleted transmission of a character and no new character 
has been loaded into the Transmit Data Holding Register. 
Note that in synchronous mode this bit will be set even 
though the appropriate “fill” character is transmitted. 
TxEMT will not go active until at least one character has 
been transmitted. It is cleared by loading the Transmit 
Data Holding Register. The DSCHG condition is enabled 
when TxXEN=1 or RXEN=1. It is cleared when the status 


register is read by the processor. If the status register is 
read twice and SR2=1 while SR6 and SR7 remain 
unchanged, then a TxEMT condition exists. When SR2 is 
set, the TXEMT/DSCHG output is low. 


SR3, when set, indicates a received parity error when 
parity is enabled by MR14. In synchronous transparent 
mode (MR16=1), with parity disabled, it indicates that 
a character matching the DLE Register has been received, 
and the present character is neither SYN1 nor DLE. This 
bit is cleared when the next character following the 
above sequence is loaded into the Receive Data Holding 
Register, when the receiver is disabled, or by a reset 
error command, CR4. 


The Overrun Error status bit, SR4, indicates that the 
previous character loaded into the Receive Holding 
Register was not read by the processor at the time a new 
received character. was transferred into it. This bit is 
cleared when the receiver is disabled and by the Reset 
Error command, CR4. 


In asynchronous mode, bit SR5 signifies that the re- 
ceived character was not framed by a stop bit, i.e., only 
the first stop bit is checked. If the RHR contains all 
0’s when SR5=1, a break condition is present. In syn- 
chronous non-transparent mode (MR16=0), it indicates 
receipt of the SYN1 character in single SYN mode or the 
SYN1-SYN2 pair in double SYN mode. In synchronous 
transparent mode (MR16=1), this bit is set upon detec- 
tion of the initial synchronizing characters (SYN1 or 
SYN1-SYN2) and, after synchronization has been 
achieved, when a DLE-SYN1 pair is received. The bit is 
reset when the receiver is disabled, when the Reset Error 
command is given in asynchronous mode, or when the 
Status Register is read by the processor in the syn- 
chronous mode. 


SR6 and SR7 reflect the conditions of the DCD and DSR 
inputs respectively. A low input sets the corresponding 
status bit and a high input clears it. 


= [= | = | = | = | = | = | = 
Data Set Data Carrier 





0= DSR INPUT 0=DCD INPUT ASYNCH: 0=NORMAL 
IS HIGH IS HIGH 1=OVERRUN 
pa fl =NORMA 
1=DSR INPUT 1=DCD INPUT os i - ERROR 
i SLOW 1=FRAMING 
SLOW ISL ERROR 
SYNCH: 
O=NORMAL 
1=SYN CHAR 


DETECTED 





0=NORMAL 0=RECEIVE 0=TRANSMIT 
ASYNCH: 1=CHANGE HOLDING REG | HOLDING 
0=NORMAL iNDSROR EMPTY REG BUSY 
1=PARITY DCD. OR 1=RECEIVE 1=TRANSMIT 
ERROR TRANSMIT HOLDING REG | HOLDING 
SHIFT REGIS- HAS DATA REG EMPTY 


SYNCH: 


TER IS 


0=NORMAL EMPTY 


1=PARITY 
ERROR 
OR 
DLE CHAR 
RECEIVED 


TABLE 9—STATUS REGISTER (SR) 
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TIMING DIAGRAMS 


TxRDY, TxEMT (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode]) 


TxC (IX) 


SYNCHRONOUS MODE 


= 
Lene 
(=) 
uu 
ny 





ASYNCHRONOUS MODE 


NOTES 


A =Start bit 

B =Stop bit 1 

Cc =Stop bit 2 

D =TxD marking condition 


TxEMT goes low it the beginning of the last data bit. or, if parity is enabled. at the beginning of the parity bit. 


RxRDY (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode]) 


Se _aEEENSEIENIEEDNEET ot} ER el 
IGNORED 


SYNDET 
STATUS BIT 


SYNCHRONOUS MODE 


READ READ READ 
STATUS HR RHR RHA 
(DATA 3) (DATA 3) 


AxADY 


ASYNCHRONOUS MODE . 


OVERRUN 
STATUS BIT 


READ READ 
RHR AHR 
(DATA 1) (DATA 3) 
NOTES 
A =Startbit * 
B =Stop bit 1 
C =Stop bit 2 
0 = TxD marking condition 
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TIMING DIAGRAMS (Contd) 


BRCLK, Tx, Axe 





TRANSMIT RECEIVE 


1 BIT TIME 
(1, 16, OR 64 CLOCK PERIODS) 9 





Txc 
(INPUT) 
? auccomries 
TxD 
Axe (1X) 
Txc 
(OUTPUT) 
| EXTERNAL SYNCHRONIZATION WITH XSYNC | 
ne + UU UUWUULL 
BEAD ANG: WRITE t.. >| e— tes = XSYNC SETUP TIME ~ 300ns | 


== | ty =XSYNC HOLD TIME - ONE RxC 
XSYNC ’ h 
=) th = 


\aneiecnteenGeacaiinat 


CHARACTER ASSEMBLY 


BREAK DETECTION TIMING 


| Rx CHARACTER = 5 BITS, NG PART | 
oo 
(WRITE) RxC = 16 
ey ee Nee ee a eee os ee or 64 i i 4 1 
| 14 LOOK FOR START BIT=LOWiiF RxD IS HiGiy 
i j LOOK FOR HIGHTO LOW TRANSITION) — | 
RxD | FALSE START BIT CHECK MADE (RxD LOW) | 
6 





DoD? BUS NOT DATA VALIN BUS FLOATING 












(READ) FLOATING MISSING STOP BIT oad" 
DETECTED p | 
SET FE BIT’ 1ST DATA BIT 










SAMPLED MISSING STOP BIT DETECTED, 


SET FE Bi 

0-- RHR, ACTIVATE AxRDY. 

SET BKDET PIN. 

RxD INPUT - RxSR UNTIL A MARK 
TO SPACE TRANSITION OCCURS. 



















NOTE 
“If the stop bit is present, the start bit 
search will commence immediately. 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ....... 0... ccc cece ce ence e ee eee eee e eet teeter eeeecs 0°C to + 70°C 
Storage Temperature Range ......... ec c ec eceeee ce ee eee cece e eee e eee teen eeeenees —55°C to +150°C 
Lead Temperature (soldering, 10 SCC.) 2... ccc cece ee ence eee ee eee e tet e nee eeeneees +325°C 
Positive Voltage on any Pin, with respect to ground ....... 0... eee cece cee eee eee eet t eet eeteenace +18.0V 
Negative Voltage on any Pin, with respect to ground ......... cece cece cee eee eee e ee te ee seneeeueee —0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it it important that the Absolute Maximum 
Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their 
outputs when the AC power is switched on and off. In addition, voltage transients on the AC power line may appear on the 
DC output. For example, the bench power supply programmed to deliver +12 volts may have large voltage transients when 
the AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 


























= 
jor) 
DC ELECTRICAL CHARACTERISTICS. T,=0°C to + 70°C, Vec=5.0V+5% 5 
lw 
[7a] 
PARAMET ER TEST CONDITIONS 
Input voltage : 
Vir Low 
Vin High 
Output voltage 
Vor Low 7 lo.=2.2 mA 
Vou High. ! lon= —400uA 
Iie Input leakage current Vin=0 to 5.5V 
Output leakage current 
aes Data bus high Vo=4.0V 
fo Data bus low Vo=0.45V 
loc Power supply current 
Capacitance 
Cin Input fo=1MHz 
Cour Output Unmeasured pins tied 
Input/Output to ground 


TEST CONDITIONS 





PARAMETER 


Pulse width we 
tres Reset 1000 
tce Chip enable 250 


Setup and hold time 









































tas Address setup 10 ns 
tan Address hold 10 . ns. 8 
tes ; R/W control setup 10 ns : 
tcu R/W control hold 10 ns 
tos. Data setup for write 150 ns . 
tox, _ Dataholdforwrite | 0 ns 
taxs Rx data setup 300 | ns 
taxu : Rx data hold bere 3 350 ie ns 
top . .Datadelaytimeforread . 200 ns C.= 150pF 
tor Data bus floating time 
__for read . 100 ns C.= 150pF 
tceo CE to CE delay 600 | ns 
Input clock frequency . 
fers Baud rate generator . 1.0 4.9152 4.9202 MHz 
(2661-1, -2) : 
ferc Baud rate generator 1.0 5.0688 5.0738 MHz 
(2661-3) — 
far’ TxC or RxC de a apes) MHz 
Clock width : ; 
tern Baud rate high ; 75 ns feac= 4.915MHz; measured 
; (2661-1, -2) ; “at Vin 
tern Baud rate high 70 ns fenc=5. 0688MHz; measured 
(2661-3) at Vin 
tere Baud rate low 75 ns farnc=4.915MHz; measured 
(2661-1, -2) at Vir 
tert Baud rate low 70 ns feag=5.0688MHz; measured 
__ (2661-3) at Vir 
tatu Tx or RxC high 480 ns 
tan TxC or RxC low 480 ns 
trxo TxD delay from falling 
edge of TxC 650 ns C.i= 150 pF 
tres _ Skew between TxD 
changing and falling 
edge of TxC output 0 ns C.= 150pF 
NOTE: 1 


1. fa rand ta 1. Shown all modes except ea Loopback. For Local Loopback mode - 
fat=0.7MHz and ta _=700ns min. 
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TYPICAL APPLICATIONS 


SYNCHRONOUS INTERFACE 
TO TERMINAL OR 
PERIPHERAL DEVICE 


ASYNCHRONOUS INTERFACE 
TO CRT TERMINAL 


















DATA BUS DATA BUS 
RxD 






SYNCHRONOUS 


TERMINAL 
COM 2661 OR PERIPHERAL 
DEVICE 


5.0688 MHz 
OSCILLATOR 


ASYNCHRONOUS INTERFACE 
TO TELEPHONE LINES 


SYNCHRONOUS INTERFACE 
TO TELEPHONE LINES 










CONTROL BUS 


DATA BUS 


COM 2661 


7 ! 


St 





STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
CORPORATION 


tions, consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
35 Marcus Blvd Hagpawe NY 11788 assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
(516) 273-3100 TWx-510-227-8898 - devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
We keep ahead of our competition so you can keep ahead of yours, at any time in order to improve design and supply the best product possible. 
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ee ee eee LL eee eee 


STANDARD MICROSYSTEMS 


CORPORATION eee COM 5025 
——_— 


[LPC FAMILY 


Multi-Protocol 


Universal Synchronous Receiver/T ransmitter 


FEATURES PIN CONFIGURATION 

C Selectable Protocol—Bit or Byte oriented 

0 Direct TTL Compatibility 

OC) Three-state Input/Output BUS 

C] Processor Compatible—8 or 16 bit 

12 High Speed Operation—1.5 M Baud—typical. 

C Fully Double Buffered—Data, Status, and Control Registers 

0 Full or Half Duplex Operation—independent Transmitter and 
Receiver Clocks 

_ — individually selectable data 

length for Receiver and 
Transmitter 

0 Master Reset—resets all Data, Status, and Control Registers 

C) Maintenance Select—built-in self checking 





PACKAGE: 40-Pin D.I.P. 





BIT ORIENTED PROTOCOLS—SDLC, HDLC, ADCCP 

0) Automatic bit stuffing and stripping 

CO Automatic frame character detection and generation 

C1 Valid message protection—a valid received message is 

protected from overrun 

0) Residue Handling—for messages which terminate with a 
partial data byte, the number of valid 
data bits is available 


SELECTABLE OPTIONS: 

O Variable Length Data—1 to 8 bit bytes 

0 Error Checking—CRC (CRC16, CCITT-0, or CCITT-1) 
—None 

O Primary or Secondary Station Address Mode 

O All Parties Address—APA 

0 Extendable Address Field—to any number of bytes 

C1 Extendable Control Field—to 2 bytes 

C) Idle Mode—idie FLAG characters or MARK the line 

O Point to Point, Multi-drop, or Loop Configuration 


BYTE ORIENTED PROTOCOLS—BiSync, DDCMP 
O Automatic detection and generation of SYNC characters 


SELECTABLE OPTIONS: 

O Variable Length Data—1 to 8 bit bytes 

O Variable SYNC character—5, 6, 7, or 8 bits 

O Error Checking—CRC (CRC16, CCITT-0, or CCITT-1) 
—VRC (odd/even parity) 
—None 

O Strip Sync—deletion of leading SYNC characters after 

synchronization 


O Idle Mode—idle SYNC characters or MARK the line 


APPLICATIONS 


L] Intelligent Terminals 

C] Line Controllers 

[_] Network Processors 

L] Front End Communications 


(-] Remote Data Concentractors 

LJ Communication Test Equipment 
] Computer to Computer Links 

L] Hard Disk Data Handler 
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General Description 


The COM 5025 is a COPLAMOS® n channel silicon gate MOS/LSI device that meets the majority of 
synchronous communications requirements, by interfacing parallel digital systems to synchronous serial 
data communication channels while requiring a minimum of controller overhead. 


The COM 5025 is well suited for applications such as computer to modem interfaces, computer to computer 
serial links and in terminal applications. Since higher level decisions and responses are made or initiated by the 
controller, some degree of intelligence in each controller of the device is necessary. 


Newly emerging protocols such as SDLC, HDLC, and ADCCP will be able to utilize the COM 5025 with a 
high degree of efficiency as zero insertion for transmission and zero deletion for reception are done 
automatically. These protocols will be referred to as Bit Oriented Protocols (BOP). Any differences between 
them will be discussed in their respective sections. Conventional synchronous protocols that are control 
character oriented such as BISYNC can also utilize this device. Control Character oriented protocols will be 
referred to as CCP protocols. Other types of protocols that operate on a byte or character count basis can 
also utilize the COM 5025 with a high degree of efficiency in most cases. These protocols, such as DDCMP 
will also be referred to as CCP protocols. 


The COM 5025 is designed to operate in a synchronous communications system where some external 
source is expected to provide the necessary received serial data, and all clock signals properly 
synchronized according to EIA standard RS334. The external controller of the chip will provide the 
necessary control signals, intelligence in interpreting control signals from the device and data to be 
transmitted in accord with RS334. 


The receiver and transmitter are as symmetrical as possible without loss of efficiency. The controller of the 
device will be responsible for all higher level decisions and interpretation of some fields within message 
frames. The degree to which this occurs is dependent on the protocol being implemented. The receiver and 
transmitter logic operate as two totally independent sections with a minimum of common logic. 


References: 

1. ANSI—American Nationa! Standards Institute 3. ElA—Electronic Industries Association 
X353, XS34/589 TR30, RS334 
202-466-2299 202-659-2200 

2. CCITT—Consultative Committee for International 4.IBM 
Telephone and Telegraph General Information Brochure, GA27-3093 
X.25 Loop Interface—OEM Information, GA27-3098 
202-632-1007 System Journal—Vol. 15, No. 1, 1976; G321-0044 

Terminology 

Term Definition Term Definition 
BOP Bit Oriented Protocols: SDLC, HDLC, ADCCP GA 01111111 (0 (LSB) followed by 7-1's) 
CccP Coniroi Character Protocois: BiSync, DOCMP LSB First transmitted bit, First received bit 
TDB Transmitter Data Buffer MSB Last transmitted bit, Last received bit 
RDB Receiver Data Buffer RDP Receiver Data Path 
TDSR Transmitter Data Shift Register TDP Transmitter Data Path 
FLAG 01111110 LM Loop Mode 


ABORT 11111111 (7 or more contiguous 1’s) 
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BLOCK DIAGRAM 


MASTER 
RESET 
O 


TIMING & CONTROL 


TX SERIAL DATA OUT 


SYNC/ADDOR 
COMPARE 


DATA 
RS! O—@mSTEERING DELAY" roCIe 
(ACVR SERIAL INPUT) LOGIC 
MAINT Q 


ACVR 
DATA 
REGISTER 


PARITY 
DETECT Locic DETECT 


FLG ABRT GA PARITY ERROR CAC ERROA 


TO TIMING & CONTROL 


BATA T™ 
LENGTH SEL STATUS & 


REG CNTRL REG BUFFER 


VU S 


TRISTATE 1/0 BUS ADDRESS DECODE 


OB15 DB14 DB13. - DB12 0B11 pag DBg9 OBg8 Ao Ai A2 WR OPENA BYTEOP 


TX PARITY GEN 


TX CRC GEN 
TX DATA REG ll tials 


SELECT 


Txpatacontror K | ShEC.| | STURT ZERO 


™ 
DATA 
BUFFER 


TRI STATE 1/0 BUS 


O O O O O O O 
OBg7 DB#6 =6DB9S)=s« OBA s«BP3) = éDBY2—s«é BI 


SECTION it 





O TSO 
{TX SERIAL OUTPUT) 


DBgy 





Pin No. Symbol 
1 Voo 
2 RCP 
3 RSI 
4 SFR 
5 RXACT 
6 RDA 
7 RSA 
8 RXENA 
9 GND 
10 DBg8 
1 DBg9 
12 DBig 
13 0B11 
14 DB12 
15 DB13 
16 0B14 
17 DB15 
18 W/R 
19 A2 
20 Al 
21 Ag 
22 BYTE OP 
23 DPENA 
24 DBO7 
25 DBg6 
26 DB#5 
27 —_ DB 
28 DBg3 
29 OBg2 
30 DBP1 
31 DBSG 
32 Veco 
33 MR 
34 TXACT 
35 TBMT 
36 TSA 
37 TXENA 
38 TSO 
39 TCP 
40 MSEL 


Description of Pin Functions 


Name yo 
Power Supply PS 
Receiver Clock | 
Receiver Serial Input | 
Synec/Flag Oo 
Received 

Receiver Active 1@) 
Receiver Data ce) 
Available 

Receiver Status 

Available 

Receiver Enable t 
Ground GND 
Data Bus 0 
Data Bus VO 
Data Bus VO 
Data Bus vO 
Data Bus VO 
Data Bus VO 
Data Bus VO 
Data Bus vO 
Write/Read | 
Address 2 I 
Address 1 I 
Address 0 I 
Byte Operation | 
Data Port Enable I 
Data Bus vO 
Data Bus vO 
Data Bus VO 
Data Bus vO 
Data Bus vO 
Data Bus vO 
Data Bus vO 
Data Bus YO 
Power Supply PS 
Master Reset I 


Transmitter Active 10) 


co 
$ 
re) 


Transmitter Status ce) 
Available 
Transmitter Enable I 


Transmitter Serial ce) 
Output 
Transmitter Clock ! 


Maintenance | 
Select 


Function 


+12 volt Power Supply. 
The positive-going edge of this clock shifts data into the receiver shift register. 
This input accepts the serial bit input stream. 
This output is set high, for 1 clock time of the 

RCP, each time a sync or flag character is received. 

This output is asserted when the RDP presents the first data character of the 
message to the controller. In the BOP mode the first data character is the first 
non-fiag character (address byte). In the CCP mode: 1. if strip-syncis set; the 

first non-sync character is the first data character 2. if strip-sync is not set; the 
first data character is the character following the second sync. In the BOP 

mode the trailing (next) FLAG resets RXACT. In the CCP mode RXACT 

is never reset, it can be cleared via RXENA. 

This output is set high when the RDP has assembled an entire character and 
transferred it into the|RDB. This output is reset by reading the RDB. 

This output is set high: 1. CCP—in the event of receiver over run (ROR) 

or parity error (if selected), 2. BOP—in the event of ROR, CRC error (if selected) 
receiving REOM or RAB/GA. This output is reset by reading the 

receiver status register or dropping of RXENA. 

Ahigh level input allows the processing of RSI data. Alow 

level disables the RDP and resets RDA, RSA and RXACT. 

Ground 

Bidirectional Data Bus. 
Bidirectional Data Bus. 
Bidirectional Data Bus. 
Bidirectional Data Bus. 
Bidirectional Data Bus. 
Bidirectional Data Bus. 
Bidirectional Data Bus. 
Bidirectional Data Bus. 
Controls direction of data port. W/R=1, Write. W/R=0, Read. 

Address input—MSB. 

Address input. 

Address input—LSB. 

If asserted, byte operation (data port is 8 bits wide) is 

selected. If BYTE OP=0, data port is 16 bits wide. 

Strobe for data port. After address, byte op, W/R and data are set-up DPENA 
may be strobed. If reading the port, DPENA may reset (depending on register 
selected by address) RDA or RSA. if writing into the port, DPENA may reset 
(depending on register selected by address) TBMT. 

Bidirectional Data Bus—MSB. 

Bidirectional Data Bus. 

Bidirectional Data Bus. 

Bidirectional Data Bus. 

Bidirectional Data Bus. 

Bidirectional Data Bus. 

Bidirectional Data Bus. 

Bidirectional Data Bus—LSB. 

+5 volt Power Supply. 

This input should be pulsed high after power turn on. This will: clear all flags, and 
status conditions, set TBMT=1, TSO=1 and place the device in the primary 
BOP mode with 8 bit TX/RX data length, CRC CCITT initialized to all 1's. 

This output indicates the status of the TDP. TXACT will go high after asserting 
TXENA and TSOM coinsidently with the first TSO bit. This output will reset one 
haif clock after the byte during which TXENA is dropped. 

This output is at a high level when the TDB 

or the TX Status and Control Register may be loaded with 

the new data. TBMT=0 on any write access to TDB or TX Status and 

Coniroi Register. TBMT returns high when the TOSR is loaded. 

TERR bit, indicating transmitter underflow. 

Reset by MR or assertion of TSOM. 

A high level input allows the processing of transmitter 

data. 

This output is the transmitted character. 


Wire “OR” with DB@@-DBg7 
For 8 bit data bus 


The positive going edge of this clock shifts data out of the 
transmitter shift register. 

Internally RSI becomes TSO and RCP becomes TCP. 
Externally RSI is disabled and TSO=1. 


142 





Data Bus 
DBgs 


DB¢9 
DB1¢ 


DB1i 


DB12-14 


DB15 


DB8 


DB9 


DB10 
DB11 
DB15 


DB8-19 


DB11 


DB12 
DB13 


DB14 
DB15 


DB13-15 


DB8-1¢ 


DB11 
DB12 


Term 
RSOM 


REOM 
RAB/GA 


ROR 


A,B,C 


ERR CHK 


TSOM 


TEOM 


TXAB 
TXGA 
TERR 


XY,Z 


(OLE 


SEC ADD 
STRIP SYNC/LOOP 


PROTOCOL 
“APA 


TXDL 


RXDL 


 EXCON 


EXADD 


Definition of Terms 
Register Bit Assignment Chart 1 and 2 


Definition 


Receiver Start of Message—read only bit. In BOP mode only, goes high when first non-flag (address byte) 
character loaded into RDB. It is cleared when the second byte is loaded into the RDB. 
Receiver End of Message—read only bit. In BOP mode only, set high when last byte of data loaded into RDB, or 


when an ABORT character is received. Itis cleared on reading of Receiver Status Register or dropping of RXENA. 
Received ABORT or GO AHEAD character, read only bit. In BOP mode only, if LM=0 this bit is set on receiving an 


ABORT character; if LM= 
Receiver Status Register 


Receiver Over Run—read only bit. Set high when received data transferred into RDB and previous data has not 
been read, indicating failure to service RDA within one character time. Cleared on reading of Receiver Status 
Register or dropping of RXENA. 

Assembled Bit Count—read only bits. In BOP mode only, examine when REOM=1. ABC=0, message terminated 


on stated boundary. ABC= 


= number of valid bits available in RDB (right hand justified). 


1 this bit is set on receiving a GO AHEAD character. This is cleared on reading of 
or dropping of RXENA. 


XXX, message terminated (by FLAG or GA) on unstated boundary, binary value of ABC 


Receiver Status Register 


Error Check—read only bit. In BOP set high if CRC selected and received in error, examine when REOM=1. In 
CCP mode: 1. set high if parity selected and received in error, 2. if CRC selected (tested at end of each byte) ERR 
CHK = 1 if CRC GOOD, ERR CHK = 0 if CRC NOT GOOD. Controller must determine the last byte of the 


message. 


Transmitter Start of Message—W/R bit. Provided TXENA=1, TSOM initiates start of message. In BOP, TSOM=1 
generates FLAG and continues to send FLAG’s until TSOM=0, then begin data. in CCP: 1. IDLE=0, transmit out of 
SYNC register, continue until TSOM=0, then begin data. 2. IDLE=1 transmit out of TDB. In BOP mode there is also 


a Special Space Sequence of 16-0’s initiated by TSOM=1 and TEOM=1. SSS is followed by FLAG. 

Transmit End of Message—W/R bit. Used to terminate a message. In BOP mode, TEOM=1 sends CRC, then 
FLAG; if TXENA=1 and TEOM=1 continue to send FLAG’s, if TXENA=0 and TEOM=1 MARK line. In CCP: 1. 
IDLE=0, TEOM=1 send SYNC, if TXENA=1 and TEOM=1 continue to send SYNC’s, if TXENA=0 and TEOM=1 
MARK line. 2. IDLE=1, TEOM=1, MARK line. 

Transmitter Abort—W/R bit. In BOP mode only, TXAB=1 finish present character then: 1. IDLE=0, transmit ABORT 
2. IDLE=1, transmit FLAG. 

Transmit Go Ahead—W/R bit. In BOP mode only, modifies character called for by TEOM. GA sent in place of FLAG. 
Allows loop termination—GA character. 


Transmitter Status 
and Control Register 


Transmitter Error—read only bit. Underflow, set high when TDB not loaded in time to maintain continuous 
transmission. In BOP automatically transmit: 1. IDLE=0, ABORT 2. IDLE=1, FLAG. In CCP automatically transmit: 
1. IDLE=0, SYNC 2. IDLE=1, MARK. Cleared by TSOM. 


X 


—-=-4 = OOOON 
—~=-00+-+-00~< 


-O-0O=-0-0 


Note: Do not modify XYZ until both data paths are idle 
IDLE mode select—W/R bit. Affects transmitter only. In BOP—control the type of character sent when TXAB 
asserted or in the event of data underflow. In CCP—controls the method of initial SYNC character transmission and 


underflow, “1” = transmit 


Secondary Address Mode—W/R bit. In BOP mode only—after FLAG looks for address match prior to activating 


RDP, if no match found, b 


—W/R bits. These are the error control bits. 
X16+ X124 X54 1 CCITT—Initialize to “1” 
X164 X124 X5+ 1 CCITT—Initialize to “0” 
Not used 

X16+ X154 X24+ 1—CRC16 

Odd Parity—CCP Only 

Even Parity—CCP Only 

Not Used 

Inhibit all error detection and transmission 


SYNC from TDB,, “0” =transmit SYNC from SYNC/ADDRESS register. 


Mode Control Register 


egin FLAG search again. SEC ADD bit should not be set if EXADD=1 or EXCON=1. 


Strip Sync or Loop Mode—W/R bit. Effects receiver only. In BOP mode—allows recognition of a GA character. In 
CCP—after second SYNC, strip SYNC; when first data character detected, set RXACT=1, stop stripping. 
PROTOCOL—W/R bit. BOP=0, CCP=1 

All Parties Address—W/R bit. tf selected, modifies secondary mode so that the secondary address or 8-1’s will 


activate the RDP. 


Transmitter Data Length—W/R bits. 


TXDL3 TXDL2 TXDL1 


o0Oa 2484 30 
o--§0O0-0 
=-O-"0-90 0 


0 
*For data length only, not 


Receiver Data Length—W/R bits. 


RXDL3 RXDL2 RXDL1 


eoeooA--=2-40 
o- st OO $= 0 
“~aOn O00 


LENGTH 
Eight bits per character 
Seven bits per character 
Six bits per character 
Five bits per character 
Four bits per character* 
Three bits per character* 
Two bits per character* 
One bit per character* 
to be used for SYNC character (CCP mode). 


LENGTH 
Eight bits per character 
Seven bits per character 
Six bits per character 
Five bits per character 
Four bits per character 
Three bits per character 
Two bits per character 
One bit per character 


Data Length Select Register 


Extended Control Field—W/R bit. In receiver only; if set, will receive control field as two 8-bit bytes. Excon bit shouid 
not be set if SEC ADD =1. 

Extended Address Field—W/R bit. In receiver only; LSB of address byte tested for a “1”. If NO—continue receiving 
address bytes, if YES go into control field. EXADD bit should not be set if SEC ADD =1. 


*Note: Product manufactured before 1Q79 may not have this feature. 143 


z 
(=) 
= 
wo 
bu 
(Ze) 





Register Bit Assignment Chart 1 


REGISTER DP#7 DPS6 DP#5 DPg4 DPg3 DP62 DP#1 DPg¢g 
panel Data RD7 RD6 RDS RD4  —>s« RDB RD2 RD1 RDG 
(Read Only- MSB LSB 
Right Justified- 
Unused Bits=0) 
Valen peta TD7 TDe TDS TD4 TD3 TD2 TD TDP 
egister 
(Read/MWrite- MSB LSB 
Unused Inputs=X) 
Sync/Secondary SSA7 SSA6 SSA5 SSA4 SSA3 SSA2 SSA1 SSAP 
Address 
(Read/Write- . MSB LSB 
Right Justified- 
Unused Inputs=X) 
Register Bit Assignment Chart 2 
REGISTER DP15 DP14 DP13 DP12 DP11 DP19 DPg9 DP#g8 
Receiver Status ERR CHK Cc B . A ROR RAB/GA REOM RSOM 
(Read Only) 
TX Status TERR. 0 0 0 TXGA TXAB TEOM TSOM 
and Control (Read Only) 
(Read/Write) 
Mode Control *APA PROTOCOL STRIP SECADD IDLE Z Y xX 
(Read/Write) SYNC/ 
LOOP 
Data Length TXDL3 TXDL2 TXDL1 EXADD EXCON RXDL3 RXDL2 RXDL1 
Select 
(Read/Write) 


* Note: Product manufactured before 1Q79 may not have this feature. 


Register Address Selection 


1) BYTE OP = 0, data port 16 bits wide 


A2 A1 Ag Register 
0 0 X Receiver Status Register and Receiver Data Buffer 
0 1 xX Transmitter Status and Control Register and Transmitter Data Buffer 
1 0 X Mode Control Register and SYNC/Address Register 
1 1 xX Data Length Select Register 
X = don't care 
2) SYTE OP = 3, data porté bits wide 
A2 Al Ag Register 
0 Qo 9 Receiver Data Buffer 
0 0 1 Receiver Status Register 
0 1 0 Transmitter Data Buffer 
0 1 1 Transmitter Status and Control Register 
1 0 0 SYNC/Address Register 
1 0 1 Mode Control Register 
1 1 0 —_—_ 
1 1 1 Data Length Select Register 
144 


BOP TRANSMITTER OPERATION 


(PROCESSOR LOAD OR MASTER RESET) 
INITIALIZE 


MARK LINE 













SEND 
ABORT 
CHARACTER 


SEND 1 BYTE 
OF DATA 
FROM TDB 










STUFF ZERO, 
ACCUMULATE 
CRC 
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CCP TRANSMITTER OPERATION 


INITIALIZE 


(PROTOCOL = 1; XYZ = CRC 16) 
SET MODE 








TRANSMIT 
SYNC FROM 
SYNC REG 















NO 
map ia SEND SYNC 
NO 
SERIALIZE 
DATA 
ACCUMULATE 
CRC 
YES 





_ RESET 
UNDERRUN 
YES | 


TRANSMIT 
CRC 







TRANSMIT 
SYNC 


YES 


z 
So 
= 
i=) 
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CCP RECEIVER TIMING 


a on p(s 


MB : W/R=1 Ww/R=0 


READ 
STX 


NOTE 1 
DPENA 
(not clock. edge related) 


}xt——sYNc———p} =¢-_—— SYNC——p>| 


cere Weck, fdea Ser oe 





see 2 
» A pee at 
a 


ERR CHK 


NOTE 1— Mode set for CCP witn CAC selected 
NOTE 2-—If overrun had occured —no READ STX 
NOTE 3—-ERR CHK rnust be sampled before next byte or before AXENA brought low 





CCP TRANSMITTER OPERATION 


&. eer gril, hie i 
Mees 


eect 


TSOM=1 


OFt 


TXENA ., 


LOAD LOAD 


NOTE 1 LOAD 
MODE SYNC “TSOM=1 TSOM=0 =STX DATA 1 ETX 


DPENA 
(not clock adge related) 


* 
—-|--------- 


SIRS BYNC BSECONG eYNe 


a ee ee 
TA _——= 

| 
ot aie 2. cae ee a [ax 


t—\—_ SYNC ne SYNC nid 


TBMT 


TXACT 


NOTE 1—Mode is CCF with CRC selected 


NOTE 2—Trailing edge of OPENA. must occur at least one-half 
clock pulse prior to TBMT=1 to avoid underrun 


—— 


a f] f] i] l [+ note 2 — 4 J I [] 


DATA ETX | CRC MARK 


Ly ee 


W/RzO W/R=0 W/R=0 
READ READ 
DATA 1 

READ 


ETX ro 


| | 

| 

| | 

me a ea Pe 

oTigg ame ye 
[wore 2 | | 


| NoTE2 





idee | Seles vee 


} 


TEOM=1 


Ly wt 


Baan 
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BOP RECEIVER TIMING 


Jririee eae ea  e e e  eyLe aer 


MR 
WIR «1 
NOTE 1 
DPENA 
not clock edge related 


AXENA =.) 


las —-FLAG,, FLAG 


Address Control Data Data Data 


ADA a } 
ASA (a 
AXACT A 


ASOM 


REOM 


ERA,CHK, ABC, 
ROR, RABIGA 


NOTE 1—If required-but not done in this example. 
NOTE 2—If no OPENA to read Data Byte #2. 


WIR=0 WI/R=0 WiR=0 WiR=0 WIR=0 WIR=0 
Address Byte Read Status Control Byte DataByte #1 DataByte #2 Data Byte #3 


as i 
of 
ve 
. 

ee t- 


fae, 
ie bese ie ek 
a 


aa 
co 
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BOP TRANSMITTER OPERATION 


cme a Bs aE a CO Ge a pF Oc Ke 


MR | | 
TXENA | 


TSOM=1 TSOM=0 Address 
DPENA 
not clock edge related | 
' 
TBMT 


TXACT YY 


|- Fae. 
D L | 


Note 1—Trailing edge of OPENA must occur at least one-half clock 
pulse prior to TBMT = 1. To avoid underrun. 
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Load Load 
Control Data Length Data Byte TEOM=1 


ene “e risa. 
| | Address Byte Control Byte Last Data Byte [ore last oa | 


SECTION Ili 





WIR=0 WIR=0 
Data Byte #4 = Read Status 


Fag»! 
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MARK 


AC TIMING DIAGRAMS 


RCP | 
oe | 300 ns 
, 300 ns | 
oetiaen RXACT 
TBMT 
300 ns 
RDA, RSA 
DPENA DPENA 
W/R=1 W/R=0 
to Transmitter to Receiver 
Registers Registers 
300 ns 300 ns 
TBMT 
RDA, RSA \ 


TCP 
RXENA 
300 ns, min 

TSO 

Resets: RDP-RDA, RSA, 

300 ns RXACT, receiver 

into search 
TXACT mode (for FLAG) 


h 


Note: Unless otherwise specified all times are maximum. 


Data Port Timing 





DPENA 7 ee. 


se TTL __- NULL Lr 


READ FROM USYNR/T 


seem) F / i F 7D 
Ay. Ay. Ay 








WRITE TO USYNR/T 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ........... 0... ccc eee eee eee beeen nett feeeeeee O°Cto+ 70°C 
Storage Temperature Range ........ 6... eee eee eee tee ene n cena eee e ees —58°C to + 150°C 
Lead Temperature (soldering, 10 SEC.) 2.26... ccc ence eee net e eee e tect een tebes +325°C 
Positive Voltage on any Pin, with respect to ground ..... 0.06. ieee cece ence e ences teeters +18.0V 
Negative Voltage on any Pin, with respect to ground ........ 0... eee ecee eee ee e eee n ee ene enone -0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 


=z 
QoQ 
Ee 
Q 
uJ 
ny 


NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or ‘‘glitches” on their outputs when the AC power is switched on and off. 

in addition, voltage transients on the AC power line may appear on the DC output. For example, the 
bench power supply programmed to deliver + 12 volts may have large voltage transients when the 
AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 





ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc=+5V+5%, Voo=+12V+5%, unless otherwise noted) 


Parameter Min. Typ. Max. Unit Comments 
D.C. Characteristics 
INPUT VOLTAGE LEVELS 
Low Level, Vit 0.8 Vv 
High Level, Vin 2.0 Voc V 
OUTPUT VOLTAGE LEVELS 
Low Level, Voi 0.4 Vv lo.=1.6ma 
High Level, Vou 2.4 loH=40ya 
INPUT LEAKAGE 
Data Bus 5.0 50.0 pa 0<Vin<5v, DPENA=0 or W/R=I 
Ail others pa Vin= +5v 
INPUT CAPACITANCE 
Data Bus, Cin pf 
Address Bus, Cin pf 
Clock, Cin pf 
All other, Cin pf 
POWER SUPPLY CURRENT 
Icc 70 ma 
Ipp 90 ma 
A.C. Characteristics Ta=25°C 
CLOCK-RCP, TCP 
frequency DC 1.5 MHz 
PWu 325 ns 
PWL 325 ns 
tr, te 10 ns 
DPENA, Tworena 250 50 us ns 
Set-up Time, Tas 0 ns 
Byte Op, W/R 
Az, A1, Ao 
Hold Time, Tax 0 ns 
Byte Op, WIR, 
Aa, A1, Ao 
DATA BUS ACCESS, Tora 150 ns 
DATA BUS DISABLE DELAY, Toro 100 ns 
DATA BUS SET-UP TIME, Toss 0 ns 
DATA BUS HOLD TIME, Tosx 100 ns 
MASTER RESET, MR 350 ns 
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YES 
READ RDB 
READ 
STATUS 





Receiver Data 
and 


Receiver Status 


Access Sequence 


Preferred reading sequence of receiver RDA and RSA. 








CCP RECEIVER OPERATION 





BOP RECEIVER OPERATION 











PROTOCOL-1 PROCESSOR LOAD 
X¥Z-CRC OEM: 
TEST MADE AFTER 8 AXCLK'S 
TEST MADE 
AFTER 8 CLKS 
24 AXCLK'S 
{PIPELINE DELAY) 
ASSEMBLE CHARACTERS 
ACCUMULATE CRC 16 XS 


SET 


PROCESSOR MUST READ 
RXENA ERR CHK BIT BEFORE 
=0? NO RXENA=0 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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10 
We keep ahead of our competition so you can keep ahead of yours. 
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STANDARD MICROSYSTEMS 





CORPORATION aes 
——=—y 


COM 7210 





Intelligent GPIB Interface Controller 


FEATURES 
(_] All Functional Interface Capability Meeting IEEE 
Standard 488-1978 
—SH1 (Source Handshake) 
—AH1 (Acceptor Handshake) 
—T5 or TES (Talker or Extended Talker) 
—L3 or LES (Listener or Extended Listener) 
—SRI1 (Service Request) 
—RL1 (Remote Local) 
—PP1 or PP2 (Parallel Poll) (Remote or Local 
Configuration) 
—DC1 (Device Clear) 
—DT1 (Device Trigger) 
—C1-5 ((Controller) (All Functions)) 
[| Programmable Data Transfer Rate 
(] 16 MPU Accessible Registers—8 Read/8 Write 
CJ 2 Address Registers 
—Detection of MTA, MLA, MSA (My Talk/Listen/ 
Secondary Address) 
—2 Device Addresses 
L] EOS Message Automatic Detection 
L] Command (IEEE Standard 488-78) Automatic 
Processing and Undefined Command Read Capability 
LL] DMA Capability 
[_] Programmable Bus Transceiver I/O Specification 
(Works with T.I./Motorola/Intel) 


PIN CONFIGURATION 


a Os 
4 SSIS 
1] 


ggUgdo 
EERE 
NI © 


Q 
ie 
ol 


DIO4 
DIO3 
DIO2 


> 
32 fe) 


PACKAGE: 40-pin D.I.P. 


LC] COPLAMOS®€n-Channel Silicon Gate Technology 
L] +5V Single Power Supply 


L] 1 to 8 MHz Clock Range [ 40-Pin DIP 
C1] TTL Compatible L] 8080/85/86 Compatible 
GENERAL DESCRIPTION 


The COM7210 TLC is an intelligent GPIB Interface Con- 
troller designed to meet all of the functional requirements 
for Talkers, Listeners, and Controllers as specified by the 
IEEE Standard 488-1978. Connected between a processor 
bus and the GPIB, the TLC provides high level manage- 
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ment of the GPIB to unburden the processor and to simplify 
both hardware and software design. Fully compatible with 
most processor architectures, Bus Driver/Receivers are the 
only additional components required to implement any type 
of GPIB interface. 
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STANDARD MICROSYSTEMS COM 8004 


—— [LPC FAMILY 


Dual 32 Bit CRC SDLC Generator/Checker 
CRC-32 





FEATURES st PIN CONFIGURATION z 
C1 SDLC 32 bit CRC i = 
[1] COM 5025 USYNRT Companion : MRA 20 Vcc ” 
UL Data Rate—2Mtz typical - | CLKINA 19 EFLGRB 
CJ All Inputs and Outputs are TTL Compatible a 
C] COPLAMOS® N-Channel MOS Technology . SERINA 17 MODEB 
SEROUTA 16 ENAB 
GENERAL DESCRIPTION i ENAA 15 SEROUTB 
SMC’s COM 8004 is a dual 32-bit CRC Generator/ MODEA 14 SERINB 
Checker for use with SDLC protocols. Itis a Ne ee 
companion device to SMC’s COM 5025 USYNRT. EFLGA 13 CLKOUTB 
It operates at bit rates from DC to 2.0 MHz from a 
single +5v supply and is housed in a 20 lead x 0.3 EFLGRA 12 CLKINB 
inch DIP. Allinputs and outputs are TTL compatible 11 MRB 


with full noise immunity. 


The COM 8004 is comprised of two independent 
-halves,-and each half may be operated in the check 

or generate mode. The polynominail used in 

computations is: BLOCK DIAGRAM 

X89? + X26 +. X28 + X22 + XO + KlP + X11 + X10 + XF+ X7 + XH + "FOR ONE-HALF OF THE COM 8004 

X4+ X2+X+1. 

The CRC register is initialized to all ones and the 

result is inverted before being appended to the 

message. The expected remainder is: 

X31 + K304 K26 + K25 + K24 4+ K18 + K15+4+ K144 K124 X14 K10+4 

X8 + X8+ X54 X4+ XF+ X41. 

Each half has a nine-bit serial data shift register. 

Data moves on the positive edge of theclock, and all 

clocked inputs are designed for zero-hold-time 

(e.g. 7474). A“clock out” pin provides gated clocks 

to the accompanying USYNRT (COM 5025). 

In the generate mode, computation is initiated upon 

detection of a flag character in the serial bit stream. 


CRC computation proceeds upon the serial data 
until a second flag is detected. CLK OUT to the TYPICAL SYSTEM 


SDLC transmitter is then halted, and the 32-bit CRC : Tso SERIN . 
is passed out; CLK OUT is then resumed, and the 
flag character is passed out. Nonsignificant zeros 





are automatically stripped and stuffed, and shared 
flags are supported. If the data between flags is less 
than two full bytes, the CRC is discarded and the 
serial data stream remains unaltered. 


In the check mode, computation is similarly 
initiated upon detection of a flag. Detection of a 
second flag causes the conditional setting of the 
error flag. A separate reset pin is provided for the 
error flag. No error is flagged on messages of less 
than two full bytes between flags. Detection of an 
abort character (7 consecutive ones) in either mode 
causes computation to be reset and a search for an 
opening flag resumed. 





DESCRIPTION OF PIN FUNCTIONS 


FUNCTION , 


MASTER RESET-A MRA presets the CRC calculation in Section A of the COM 8004 
to all ones and forces the pipeline” (8 shift register bits and the 
output flip-flop) to a logic “1” (Mark). The COM 8004 will only exit 
the reset state when MRA has been released and ali 8 bits of a 
FLAG (01111110) have been received. 


CLOCKINPUT-A CLKINA Baud Rate Clock for Section A. 
CLOCK OUTPUT-A CKLOUTA {| Clock output from Section A. This is used to provide the clock for 
the USYNRT. CLKOUTA will normally track CLKINA. Inthe generate 
mode, when the last flag bit has been shifted into the shift register 
1 of the COM 8004, CLKOUTA will be held high until the CRC 
check character has been sent out. After the last bit of the CRC 
character is transmitted, CLKOUTA will resume tracking CLKINA. 
SERIAL INPUT-A SERINA Serial input to the COM 8004 Section A. For transmission, SERINA 
, : is connected to the transmitter serial output of the USYNRT. 


For receiving, SER!NA is connected to the received data output 
of the modem. 


SERIAL OUTPUT-A SEROUTA | Serial output from Section A of the COM 8004. For transmission, 
SEROUTA is connected to the transmit data input of the modem. For 
receiving, SEROUTA may be connected to the serial data input of 
the USYNRT. 


ENABLE-A ENAA When ENAA is low, section A of the COM 8004 will pass data from 
SERINA to SEROUTA after a nine bit delay without alteration 
: and without checking or generating CRC. If ENAA is high, CRC - 
generation or checking will be enabled. ENAA is gated into the 
COM 8004 by the rising edge of CLKINA. 


7 MODE SELECT-A MODEA MODEA determines whether Section A of the COM 8004 is in 
the receive (CRC check) Mode or transmit (CRC generate) Mode. 
Logic “1” selects CRC check. Logic “0” selects CRC generate. 


ERROR FLAG-A . EFLGA will go high if, when in the CRC check mode, section A 
of the COM 8004 has detected an error. EFLGA can only be reset 
by a MASTER RESET (MRA) or by ERROR FLAG RESET (EFLGRA). 


ERROR FLAG RESET-A EFLGRA A logic “1” on EFLGRA will reset EFLGA. If EFLGRA is kept ata 
logic “1,” it will inhibit the setting of EFLGA. 


: 
: 


SEROUTB |! Serial output for Section B. See SEROUTA for description. 
CRC enable for Section B. See ENAA for description. 


MODEB Mode select for Section B. See MODEA for description. 









POWER SUPPLY +5 volt power supply inout. ~ 
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OPERATION 


The COM 8004 has 3 modes of operation, as selected by 
the ENABLE and MODE SELECT inputs. They are: 


ENABLE MODE SELECT 


0 0 CRC Disabled. Data is 
shifted from SERIN to 
SEROUT with no compu- 
tation performed. Serial 
delay is 9 bit times. 

0 1 Same as above. 

1 0 CRC generation mode. 

1 1 CRC check mode. 


In the CRC generation and check modes, calculations 
begin upon receipt of the first data character after an 
opening FLAG. “Stuffed zeroes” are stripped for the 
purpose of the CRC calculation. CRC calculation will 
continue until eithera MASTER RESET occurs, ENABLE 
is brought to logic zero, an ABORT character is received, 
or a closing FLAG is received. 


CRC Generation 


‘Upon detection of a closing FLAG character, CLKOUT 


is left high (stopping USYNRT activity), and the CRC 
accumulation is shifted out by CLKIN. CLKOUT then 
resumes clocking, and the FLAG (which has been stored 
in the shift register) is shifted out. The CRC check data 
is inverted before this data is transmitted. Zero-stuffing 
is performed on the inverted CRC check data. 


During the time CKLOUT is forced high and CRC check 
data is being shifted out, data on SERIN will be ignored. 


lf an ABORT character is received; CRC calculation will 


- cease after the last “1” bit of the ABORT character is 


shifted into the shift register. Data will pass through the 
COM 8004 without effect until a FLAG is received. 


CRC Check (Reception) 
When the last bit of a closing flag enters the shift regis- 


_ ter, ERRCHK will go high on the following positive 


CLKIN transition if a CRC error is detected. 


Operation Notes 


Note 1: The minimum message size is sixteen significant bits following an opening 
flag. A stuffed zero is not considered a significant bit. If the message is less than 
16 bits, the data will pass through the COM 8004 without being affected. 


If the sixteenth received bit is the fifth consecutive one, but is not followed by a 
stuffed zero before a FLAG, the COM 8004 will detect the FLAG but the minimum 
message will not have occurred. CRC calculation will begin anew after this 


FLAG is detected. 


61111118 DDDDDDDD DD611111 (MISSING STUFFED @) 61111110 


| OPENING | 
FLAG 


{ LAST “1” IN THE BIT 16 LOCATION. } 


| CLOSING | 
FLAG 


Note 2: If the seventeenth bit of a message followed by a FLAG is the fifth consecutive 
one, but the stuffed zero is missing, the following will occur: 


A) CRC Generate Mode: The last “one” bit, bit 17, will not be calculated into the 
CRC, but will appear at the serial. output. The first bit of the CRC character 
will be forced to a zero, therefore looking like a stuffed zero. 


B) CRC Check Mode: The last “one” bit, bit 17, will not be calculated into the CRC. 


61111118 DDDDDDDD DDD61111 1 (MISSING STUFFED @) 01111110 


OPENING 


FLAG | { LAST “1” IN THE BIT 17 LOCATION. | 


| CLOSING | 
FLAG 


Note 3: If a stuffed zero is missing in the middle or end of a message, the reaction will 
depend on the next bit. If it is a one, a FLAG or ABORT may be detected. If an 
ABORT is detected, the message and the CRC checking is aborted. If a FLAG 
is detected, a CRC error will be detected. 


lf the missing zero is followed by a zero, the CRC computation will continue, 
but the zero bit will be stripped, causing a CRC error. 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range .......... cece eee cece eee eet e teen eee e eae eeeteeene 0°C to + 70°C 
Storage Temperature Range ........ ccc cece eee cee eee ee eee ete teen n tence ceceeens -55°C to +150°C 
Lead Temperature (soldering, 10 SEC.) ......... cece cect ee cet e eee eee e tent eee eeeeeeeeenenes +325°C 
Positive Voltage on any Pin, with respect to Ground ......... cece ccc cee cece erence tees eveeecuee +8.0V 
Negative Voltage on any Pin, with respect to ground ........ ccc ec ccc cece cee cece tenet eee neteee -0.3V 


“Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes 
or “glitches” on their outputs when the AC power is switched on and off. In addition, voltage transients on the 
AC power line may appear on the DC output. If this possibility exists it is suggested . 

that a clamp circuit be used. 






pee 


ELECTRICAL CHARACTERISTICS (Ta = 0°C to 70°C, Vcc = +5 Volts +5%, unless otherwise noted) 


PARAMETER | SYMBOL | MIN | TYP | MAX | UNIT | COMMENTS 


DC CHARACTERISTICS 
Input Voltage Levels 





Low Level Vir 
High Level Vin 2.0 
Output Voltage Levels 
Low Level Vor Io. = 1.6 mA 
High Level Vou 2.4 Tou =-100 pA 
input Capacitance Cin 10 
Power Supply Current lec 
AC CHARACTERISTICS Ta=25°C 
Clock Frequency fin 
Clock Pulse Width—High torkH 350 Figure 1 
input Set-Up Time toc 100 Figure 1 
Input Hold Time tep 0 Figure 1 
Master Reset Pulse Width tew 250 Figure 2 
Reset Delay tur Figure 2 
Error Flag Delay tro 
Error Flag Reset Delay ter 
ERRST Pulse Width tew 100 
Clock Propagation Delay tro Figure 5 
SEROUT Propagation Delay tsp Figure 5 
Figure 1 
| 
Vin 
SERIN, MODE 
| ENA, ERFLGR , 
ft 
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Figure 3 
Figure 4 
Figure 4 

‘ 


Figure 2 


OUTPUTS DETERMINED 
ALL OUTPUTS BY PREVIOUS CONDITIONS UNDEFINED —>] 


CLOSING FLAG ————————————— 


SERIAL IN 


CRC ERR 


Figure 4 


CRC ERR 
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RESET STATE 





z 
Oo 
rom 
oOo 
[se 
i“) 





Figure 5 
500 ns min 
350 ns min 
Vin 
CLKIN 
Vin 
Von 
i CLKOUT | 
| Vor 
treo 
Von 
SEROUT 4 
Vor 
tsp 





STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 

tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
CORPORATION oa ween = information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
fe tases Bad ‘ayia assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
(St6)273-3100 Twx-50-227-888 devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 


We keep ahead of our competition so you can keep ahead of yours. at any time in order to improve design and supply the best product possible. 


158 





STANDARD MICROSYSTEMS | | COM 8017 
a COM 8502 






Universal Asynchronous Receiver/Transmitter 
| UART | : Pin Configuration 


FEATURES 
C1) Single +5V Power Supply 


= 
oS 
—_ 
oO 
tu 
ie) 


L) Direct TTL Compatibility — no interfacing circuits 
required 





C) Full or Half Duplex Operation— can receive and 
transmit simultaneously at different baud rates 


(Fully Double Buffered — eliminates need for precise 
external timing 


(J Start Bit Verification — decreases error rate 


CJ Fully Programmable— data word length; parity mode; 
number of stop bits: one, one and one-half, or two 


40 
39 
38 
37 
3% 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 


HighS O tion— 40K b , 200 t 
(] High Speed Operation aud, 200ns strobes SICKAGE DORON 





LJ Master Reset — Resets all status outputs 


(J Tri-State Outputs — bus structure oriented Functional Block Diagram 


C] Low Power— minimum power requirements TD1 TD2 TD3 TD4 TD5 TD6 TD7 TD8 
CL] Input Protected— eliminates handling problems 20 [or [20 Joo Joo Jar Joe | 
CL] Ceramic or Plastic Dip Package— easy board insertion Dee ee 
CL] Compatible with COM 2017, COM 2502 ig! 

. ; eee 
C1 Compatible with COM 8116, COM 8126, COM 8136, SEGISTER 


COM 8146, COM 8046 Baud Rate Generators 


GENERAL DESCRIPTION 

The Universal Asynchronous Receiver/Transmitter is [36] eae STATUS 
an MOS/LSI monolithic circuit that performs all the REGISTER Sea 
receiving and transmitting functions associated with REGISTER 


asynchronous data communications. This circuit is 
fabricated using SMC’s patented COPLAMOS® tech- 
nology and employs depletion mode loads, allowing 
operation from a single +5V supply. The duplex mode, 
baud rate, data word length, parity mode, and number 





of stop bits are independently programmable through ara pia 
the use of external controls. There may be 5, 6, 7 or 8 | REGISTER 


data bits, odd/even or no parity, and 1, or 2 stop bits. In 
addition the COM 8017 will provide 1.5 stop bits when P 
programmed for 5 data bits and 2 stop bits. The UART RECEIVER BUFFER REGISTER 
can operate in either the full or half duplex mode. These ey 

programmable features provide the user with the ability poe b fe Jo Jo fr | 


i ‘ i RD8 RD? RDG RDS RD4 RD3 RD2 RD1 
to interface with all asynchronous peripherals. 
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DESCRIPTION OF OPERATION — TRANSMITTER 


At start-up the power is turned on, a clock whose 
frequency is 16 times the desired baud rate is 
applied and master reset is pulsed. Under these 
conditions TBMT, TEOC, and TSO are all at a high 
level (the line is marking). 


When TBMT and TEOC are high, the control bits 
may be set. After this has been done the data bits 


may be set. Normally, the control bits are strobed .- 


into the transmitter prior to the’data bits. However, 
as long as minimum pulse width specifications 
are not violated, TDS and CS may occur simulta- 
neously. Once the date strobe (TDS) has been 
pulsed the TBMT signal goes low, indicating that 
the data bits buffer register is full and unavailable to 
receive new data. 


If the transmitter shift register is transmitting pre- 
viously loaded data the TBMT signal remains low. 
If the transmitter shift register is empty, or when itis 
through transmitting the previous character, the 
data in the buffer register is loaded immediately into 
the transmitter shift register and data transmission 


commences. TSO goes low (the start bit), TEOC 
goes low, the TBMT goes high indicating that the 
data in the data bits buffer register has been loaded 
into the transmitter shift register and that the data 
bits buffer register is available to be loaded with 
new data. 


If new data is loaded into the data bits buffer register 
at this time, TBMT goes lowand remainsin this state 


. until the present transmission is: completed. One 


full character time is available for loading the next 
character with no lossin speed of transmission. This 


- is an advantage of double buffering. 


Data transmission proceeds in an orderly manner: 
start bit, data bits, parity bit (if selected), and the 
stop bit(s). When the last stop bit has been on the 
line for one bit time TEOC goes high. !f TBMT is 
low, transmission begins immediately. If TBMT is 
high the transmitter is completely at rest and, if 
desired, new control bits may be loaded prior to the 
next data transmission. wae 


TRANSMITTER BLOCK DIAGRAM 


ODD/EVEN 

PARITY SELECT 
NUMBER OF 
DATA BITS 


NO- NUMBER 
PARITY STOP BITS 


CONTROL BITS HOLDING REGISTER 


CONTROL 
STROBE 


TO 
| “RECEIVER - a 4 | 


TIMING GENERATOR [UT] chier 


DATA BITS HOLDING REGISTER 


STEERING LOGIC : 
R LOAD 


TRANSMITTER SHIFT REGISTER } 
PARITY BIT GENERATION LOGIC 


DBS DB7 DB6 DBS DB4 DB3 DB2 DBi 


BUFFER DATA STROBE 


TRANSMITTER 
BUFFER 


SERIAL 
OUTPUT 


OUTPUT 
LOGIC 


END OF 
CHARACTER 





DESCRIPTION OF OPERATION— RECEIVER 


At start-up the power is turned on, a clock whose 
fen miinmamssian TL time an thn Aannivan Ad bhai A entaianannlind 
moyucrivy to tv LSS UIST UTOHN TU VaUUIAaLlT ioappicu 
and master reset is pulsed. The data available (RDA) 
signal is now low. There is one set of control bits for 


both the receiver and transmitter. 


Data reception begins when the serial input line 
transitions from mark (high) to space (low). If the 
RSI line remains spacing fora1/2 bittime, agenuine 
start bit is verified. Should the line return toa mark- 
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ing condition prior toa 1/2 bit time, the start bit veri- 
fication process begins again. A mark to space 
transition must occur in order to initiate start bit 
verification. Once a start bit has been verified, data 
reception proceeds in an orderly manner: start bit 
verified and received, data bits received, parity bit 


received (if selected) and the stop bit(s) received. 


If the transmitted parity bit does not agree with the 
received parity bit, the parity error flip-flop of the 





status word buffer register is set high, indicating a 
parity error. However, if the no parity mode is se- 
lected, the parity error flip-flop is unconditionally 
held low, inhibiting a parity error indication. If a 
stop bit is not received, due to animproperly framed 
character, the framing error flip-flop is set high, 
indicating a framing error. 


Once a full character has been received internal 
logic looks at the data available (RDA) signal. If, at 
this instant, the RDA signal is high the receiver 
assumes that the previously received character has 


not been read out and the over-run flip-flop is set 
high. The only way the receiver is aware that data 
has been read out is by having the data available 
reset low. 


At this time the RDA output goes high indicating 
that ail outputs are available to be examined. The 
receiver shift register is now available to begin re- 
ceiving the next character. Due to the double buf- 
fered receiver, a full character time is available to 
remove the received character. 


RECEIVER BLOCK DIAGRAM 


RD8 RD? RD6 RDS5 RD4 RD3 RD2 RD1 


ANO GATE 


DATA BITS HOLDING REGISTER 
BUFFER 


CONTROL 
BITS FROM 
HOLDING 


FRAMING 
OVER RUN PARITY ERROR 


DATA TRANSMITTER 
AVAILABLE BUFFER EMPTY 


RESET DATA 
STATUS WORD 
AVAILABLE HOLDING REGISTER 


REGISTER 
SERIAL START BIT PARITY = RIGHT 
! 


BIT RECEIVER SHIFT 
INPUT VERIFICATION _ CHECKING LOGIC JUSTIFY LOGIC cp REGISTER 
TIMING GENERATOR 





DESCRIPTION OF PIN FUNCTIONS 



































PINNO. SYMBOL NAME FUNCTION 
1 Vec Power Supply +5 volt Supply 
2 NC No Connection No Connection 
3 GND Ground Ground 
4 RDE Received Data A low-level input enables the outputs (RD8-RD1) of the 
Enable receiver buffer register. 
5-12 RD8-RD1 Receiver Data These are the 8 tri-state data outputs enabled by RDE. 
Outputs Unused data output lines, as selected by NDB1 and NDB2, 
have a low-level output, and received characters are right 
justified, i.e. the LSB always appears on the RD1 output. 
13 RPE Receiver Parity This tri-state output (enabled by SWE) is at a high-level if 
Error the received character parity bit does not agree with the 
selected parity. 
14 RFE Receiver Framing This tri-state output (enabled by SWE) is at a high-level if 


Error 


the received character has no valid stop bit. 
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PIN NO. 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26-33 


34 


35 


SYMBOL 


ROR 


SWE 


RCP 


RDAR 


RDA 


RSI 


MR 


TBMT 


TDS 


TEOC 


TSO 


TD1-TD8 


NPB 


DESCRIPTION OF PIN FUNCTIONS 


NAME 


Receiver Over 
Run 


Status Word 


Enable 


Receiver Clock 


Receiver Data 
Available Reset 


Receiver Data 
Available 


Receiver Serial 
Input 


Master Reset 


Transmitter 
Buffer Empty 


Transmitter 


Data Strobe 


Transmitter End 
of Character 


Transmitter 


Serial Output 


Transmitter 


Data Inputs 


Controi Strobe 


No Parity Bit 





FUNCTION 


This tri-state output (enabled by SWE) is at a high-level if 
the previously received character is not read (RDA output 
not reset) before the present character is transferred into 

the receiver buffer register. 


A low-level input enabies the outputs (RPE, RFE, ROR, 
RDA, and TBMT) of the status word buffer register. 








This input is a clock whose frequency is 16 times (16X) the 
desired receiver baud rate. 





A low-level input resets the RDA output to a low-level. 


This tri-state output (enabled by SWE) is at a high-level 
when an entire character has been received and transferred 
into the receiver buffer register. 


This input accepts the serial bit input stream. A high-level 
(mark) to low-level (space) transition is required to initiate 
data reception. 


This input should be pulsed to a high-level after power 
turn-on. This sets TSO, TEOC, and TBMT to a high-level 
and resets RDA, RPE, RFE and ROR to a low-level. 


This tri-state output (enabled by SWE). is at a high-level 
when the transmitter buffer register may be loaded with 
new data. 


A low-level input strobe enters the data bits into the 
transmitter buffer register. 


This output appears as ahigh-leveleach timea full character 
is transmitted. It remains at this level until the start of 
transmission of the next character or for one-half of a TCP 
period in the case of continuous transmission. 


This output serially provides the entire transmitted 
character. TSO remains at a high-level when no data is 
being transmitted. 





There are 8 data input lines (strobed by TDS) available. 
Unused data input lines, as selected by NDB1 and NDB2, 
may be in either logic state. The LSB should always be 
piaced on TDi. 





' Ahigh-ievei input enters the controi bits (NDBi, NDB2, 


NSB, POE and NPB) into the control bits holding register. 
This line may be strobed or hard wired to a high-level. 





A high-level input eliminates the parity bit from being 
transmitted; the stop bit(s) immediately follow the last data 
bit. In addition, the receiver requires the stop bit(s) to follow 
immediately after the last data bit. Also, the RPE output is 
forced to a low-level. See pin 39, POE. 
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DESCRIPTION OF PIN FUNCTION 








PINNO. SYMBOL NAME 7 FUNCTION 
36 NSB Number of _This input selects the number of stop bits. A low-level input 


Stop Bits ‘selects 1 stop bit; a high-level input selects 2 stop bits. 
: Selection of 2 stop bits when programming a 5 data bit word 
generates 1.5 stop bits from the COM 8017 or COM. 8017/H. 


37-38 NDB2, © Number of Data. _ These2 inputs are internally decoded to select either 5, 6, 7, 








NDB! Bits/Character  - or 8 data bits/character as per the following truth table: 
NDB2 NDB1 data bits/character = 
L L 5 = 
L H 6 = 
H L 7 tu 
H H 8 i 
39 POE Odd/Even Parity The logic level on this input, in conjunction with the NPB . 
Select input, determines the parity mode for both the receiver and 


transmitter, as per the following truth table: 
NPB POE MODE 


L L odd parity 
L H even parity 
H X no parity 


X = don’t care 








40 TCP Transmitter This input is a clock whose frequency is 16 times (16X) the 
. Clock desired transmitter baud rate. 








TRANSMITTER TIMING —8 BIT, PARITY, 2 STOP BITS 
Tos | | 
TBMT | : | 
Ca raal Taran pagity 
TSO : START} DATA 1 ip eeeeee DATAS PARITY] STOP 1 STOP 2] START 
Bit ~«— 
TEOC | ume | 
TRANSMITTER START-UP 
Ep 1/16 
TDS | Bit 
: time 
‘a ; 
TSO | | 
Ss 
Upon data transmission initiation, or when not transmitting at 100% line utilization, the start bit will be placed 


on the TSO line at the high to low transition of the TCP clock following the trailing edge of TDS. 


‘RECEIVER TIMING —8 BIT, PARITY, 2 STOP BITS 


RSI | START [OATA 1) oteee [DATA afparity| STOP 1 STOP 2 [sv START 


CENTER BIT 
SAMPLE : 


— t<— 1/16 Bit time 


RDA’ 
RDA** 


“The RDA line was previously not reset (ROR = high-level). 
**The RDA line was previously reset (ROR = low-level). 





START BIT DETECT/VERIFY 


M Begin verify a Begin verify 
RSI | | 
S 


If the RSI line remains spacing for a 1/2 bit time, a genuine start bit is verified. Should the line return toa 
marking condition prior to a 1/2 bit time, the start bit verification process begins again. 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range. i: eine cs de0r eae he Sda sta ol ey ig ei sul taken weyusaew enon 0°Cto+ 70°C 
Storage Temperature Range ........... cece cee e ee cece eect teen cece eueeceeeetes —55°C to +150°C 
Lead Temperature (soldering, 10 S€C.)... 0.2... ccc ccc cece cee cee e een c ene eecueeecans +325°C 
Positive Voitage on any Pin, with respect to ground ...... 0... ccc cece cece ce tee eens aeeeees +8.0V 
_ Negative Voltage on any Pin. with respect to ground ......... 0... cc ccc cece eee e eee e nee —0.3V 


Stresses above those listed may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at any other condition above 
those indicated in the operational! sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, itis important 
that the Absolute Maximum Ratings not be exceeded or device failure can result. Some 
power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power is 
switched on and off. In addition, voltage transients on the AC power line may appear on the 
DC output. If this possibility exists it is suggested that at clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta =0°C to 70°C, Vcc =+5V +5%, unless otherwise noted) 














Parameter i 
aramete L Comments 
D.C. CHARACTERISTICS 

INPUT VOLTAGE LEVELS ij 

Low-level, Vit 0.8 Vv 

High-level, ViH Vcc V 
OUTPUT VOLTAGE LEVELS 

Low-level, Vor 0.4 V jlo. =1.6mA 

High-level, Von V|loH = —100uA 
INPUT CURRENT 


Low-level, lit 
OUTPUT CURRENT 

Leakage, Ito 

Short circuit, los** 
INPUT CAPACITANCE 


; 300 LA | Vin = Gno 





+10 HA | SWE =RDE = Vin, 0 < Vout = +5V 
30 mA | Vout =0V 














| 
| 
All inputs, Cin 5 10 pf 
OUTPUT CAPACITANCE | ae 
All outputs, Court 10 | 20 pf iSWE=RDE=Vin 
POWER SUPPLY CURRENT | | 
Icc ; 25 mA |All outputs = Vou, All inputs = Vcc 
A.C. CHARACTERISTICS | | |Ta = +25°C 
CLOCK FREQUENCY | | 
COM8502, COM 8017 DC | | 640 | KHz |RCP, TCP 
PULSE WIDTH | | 
Clock 07 | | | ys |RCP.TCP 
Master reset 500 | ns |MR 
Control strobe 200 | | ns |CS_ 
Transmitter data strobe 200 ns |TDS 
Receiver data available reset 200 ns |RDAR 
INPUT SET-UP TIME 
Data bits >0 | ns Rea ns 
Control bits >=0 ns | NPB, NSB, NDB2, NDB1, POE 
INPUT HOLD TIME 
Data bits >0 | | | ns |TD1-TD8 
Control bits 20 ns_ |NPB, NSB, NDB2, NDB1, POE 
STROBE TO OUTPUT DELAY | | | | Load = 20pf +1 TTL input 
Receive data enable | 350 ns |RDE: Tpo1, Tepo 
Status word enable | | 350 ns_ | SWE: Tpo1, Tepo 
OUTPUT DISABLE DELAY | 350 | ns | RDE, SW 
a ae ene rg ot he = 28 ed i ec ee ee ne 


**Not.more than one output should be shorted at a time. 


NOTES: 1. if the transmitter is inactive (TEOC and TBMT are ata high-level) the start bit will appear on the TSO line within 
one clock period (TCP) after the trailing edge of TDS. 


2. The start bit (mark to space transition) will always be detected within one clock period of RCP, guaranteeing 
a maximum start bit slippage of 1/16th of a bit time. 


3. The tri-state output has 3 states: 1) low impedance to Vcc 2) lowimpedance to GND 3) high impedance OFF = 
10M ohms The “OFF” state is controlled by the SWE and inputs. 


164 


fo ee ee Pe Re eee et Oe ne eee ee ae ee ee ee 


DATA/CONTROL TIMING DIAGRAM 








==a VIH 
TDS 
Vit 
TseT-uP 
Vv 
DATA INPUTS oi 
tr=tf=20ns = 
TsET-uP 20 = 
THOLD 20 3S 
ee 
Tew: o 
w 
cs VIH 
Vit 
TSET-UP THOLD 
CONTROL INPUTS a 
IL 


*Input information (Data/Control) need only be valid during 
the last Tpw, min time of the input strobes ( DS, CS). 


OUTPUT TIMING DIAGRAM 








D 
Oo 
m 
rep) 
m 


Outputs Disabled 


OUTPUTS 
(RD1-RD8, RDA, 
RPE, ROR, RFE, TBMT) 





Tpp1, TPDO 


NOTE: Waveform drawings not to scale for clarity. 


RDAR 
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1. TURN POWER ON 


TBMT = 1 
£0C =1 
SO = 1(STOP BIT) 


SET DATA BITS 


IS 
TRANSMITTER 
SHIFT REGISTER 
EMPTY ? 
(EOC = 1) 


2. SO = O(START BIT) 
3. €0C +0 


HAS 
1 BIT TIME 
ELAPSED ? 
{16 - 16 x CLK} 







AND STOP BIT{(S} 


HAS 
THE LAST 


LINE FOR 1 BIT 
TIME ? 


FLOW CHART—TRANSMITTER 


2. PULSE EXTERNAL RESET 
3. SELECT BAUD RATE — 16 x CLK 


SET CONTROL BITS — PULSE CS 









1. LOAD TAANSMITTER SHIFT REGISTER 









SHIFT 1 BIT RIGHT IN THE 
TRANSMITTER SHHFT REGISTER 


TRANSMIT START BIT, DATA . 
BITS, SELECTED PARITY MODE, 










STOP BIT BEEN ON THE 





FLOW CHART— RECEIVER 












TURN POWER ON 
PULSE EXTERNAL RESET 

. SELECT BAUD RATE — 16 x CLK 
. SET CONTROL BITS 


hones 














HAS 

THE LINE 

TRANSITIONED 

FROM MARKING TO, 

SPACING 
? 


NO 








HAS 
1 BIT TIME 

ELAPSED ? 
1% - 16 x CLK 








YES 
SHIFT AND LOAD DATA BIT INTO 
RECEIVER SHIFT REGISTER 


HAS THE 

SELECTED NUMBER 

OF DATA BITS BEEN 

RECEIVED 
? 














YES 







HAS 
1 BIT TIME 
ELAPSED 


YES 






HAS 

THE PROPER 

PARITY BIT BEEN 

RECEIVED 
7 


SET PARITY NO 
ERROR REGISTER 
Tor 


YES| SET PARITY 
ERROR REGISTER 
TOO 















HAS 
1 BIT TIME 
ELAPSED 


NO 


VES 


HAS 






YES | SET FRAMING 
ERROR REGISTER 
Too 


SET FRAMING NO 
ERROR REGISTER 
TOY 


A STOP BIT 
BEEN RECEIVED 










ARE 

THERE NEW 

CONTAOL BITS 
? 





REGISTER 


SET OVER-RUN NO IS YES SET OVER-RUN 

REGISTER RDA =0 

TO1 me ? ae TOO 
TRANSFER DATA BITS FROM SHIFT REGISTER 

| TO DATA BITS HOLDING REGISTER 








EXAMINE OUTPUTS 
1. STROBE STATUS WORD ENABLE 
2. STROBE DATA ENABLE 


RESET DATA AVAILABLE — DA = 0 


YES 
ASTART 
NO BIT BEEN VERIFIED 
| YES 
LOAD START BIT INTO 
RECEIVER SHIFT REGISTER 
| 
| 





STANDARD MICROSYSTEMS 





35 Marcus Blvd. Hauppauge. 6. 11788 
(596) 273-3100 TWX-510-227-8896 


you can keep ahead of yours. 


We keep ahead of our competition so 





Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
——— 


COM 8251A 


[LPC FAMILY 


Universal Synchronous /Asynchronous 
Receiver/ Transmitter 


FEATURES 


LJ Asynchronous or Synchronous Operation 
— Asynchronous: 
5-8 Bit Characters 
Clock Rate—1, 16 or 64 X Baud Rate 
Break Character Generation 
1, 1% or 2 Stop Bits 
False Start Bit Detection 
Automatic Break Detect and Handling 
— Synchronous: 
5-8 Bit Characters 
Internal or External Character Synchronization 
Automatic Sync Insertion 
Single or Double Sync Characters 
Programmable Sync Character(s) 
(1 Baud Rate— Synchronous — DC to 64K Baud 
—Asynchronous—DC to 19.2K Baud 
CL) Baud Rates available from SMC’s COM 8116, 
COM 8126, COM 8136, COM 8146, and COM 8046 
[] Full Duplex, Double Buffered Transmitter and 
Receiver 
C Odd parity, even parity or no parity bit 
(J Parity, Overrun and Framing Error Flags 
L] Modem Interface Controlled by Processor 
ZC All Inputs and Outputs are TTL Compatible 


GENERAL DESCRIPTION 


The COM 8251A is an MOS/LSI device fabricated 
using SMC’s patented COPLAMOS® technology that 
meets the majority of asynchronous and synchronous 
data communication requirements by interfacing 
parallel digital systems to asynchronous and 
synchronous data communication channels while 
requiring a minimum of processor overhead. The 
COM 8251A is an enhanced version of the 8251. 


The COM 8251A is a Universal Synchronous/ 
Asynchronous Receiver/Transmitter (USART) 
designed for microcomputer system data 
communications. The USART is used as a peripheral 
and is programmed by the processor to communicate 
in commonly used asychronous and synchronous 
serial data transmission techniques including IBM 
Bi-Sync. The USART receives serial data streams and 
converts them into parallel data characters for the 
processor. While receiving serial data, the USART 
will also accept data characters from the processor in 
parallel format, convert them to serial format and 
transmit. The USART will signal the processor when it 
has completely received or transmitted a character 
and requires service. Complete USART status, 
including data format errors and control signals such 
as TxE and SYNDET, is available to the processor at 
any time. 
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USART 


PIN CONFIGURATION 


28 D1 

27 DO 

26 Vec 

25 RxC 

24 DTR 

23 RTS 

22 DSR 

21 RESET 
20 CLK 

19 TxD 

18 TxEMPTY 
17 CTS 

16 SYNDET/BD 
15 TxRDY 


1 
2 
3 
4 
5 
6 
7 
8 
9 


PACKAGE: 28-pin D.1.P. 


CL] Compatable with Intel 8251A, NEC uPD8251A 
X Single +5 Volt Supply 

L] Separate Receive and Transmit TTL Clocks 
C1 Enhanced version of 8251 

LC) 28 Pin Plastic or Ceramic DIP Package 

L] COPLAMOS® N-Channel MOS Technology 


BLOCK DIAGRAM 
DATA TRANSMIT 


BUFFER 
(P-S) 


TRANSMIT 
CONTROL 


MODEM 
CONTROL 


OCD PHYO FrPZumMAZ— 


RECEIVE 
c--| BUFFER 
(S—P) 


RxRDY 

RECEIVE — 

CONTROL [OS Axe 
SYNDET/ 
BRKDET 


z 
i=) 
— 
oO 
and 
nn 





DESCRIPTION OF PIN FUNCTIONS 


INPUT/ 
SYMBOL NAME OUTPUT FUNCTION 








1,2, 27, |D2, D3, DO, 
28,5-8 | D1, D4-D7 


DATA BUS An 8-bit, 3-state bi-directional DATA BUS used to interface the 
COM 825A to the processor data bus. Data is transmitted or 
received by the bus in response to input/output or Read/Write 
instructions from the processor. The DATA BUS aiso transfers 
Control words, Command words, and Status. 


ae RECEIVER DATA a This input receives serial data into the USART. 





"TRANSMITTER 
CLOCK 






mission rate. In the Asynchronous mode, the TxC frequency is 
a multiple of the actual Baud Rate. Two bits of the Mode Instruc- 
tion select the multiple to be 1X, 16X, or64X the Baud Rate. Inthe 
Synchronous mode, the TxC frequency is automatically se- 
lected to equal the actual Baud Rate. 


Note that for both Synchronous and Asynchronous modes, 
serial data is shifted out of the USART by the fallingedgeofT TxC. 


10 WR WRITE DATA A “zero” on this input instructs the COM 8251A to accept the 
data or contro! word which the processor is writing out to the 
USART via the DATA BUS. 





The TRANSMITTER CLOCK controls the serial character trans- 








11 cs CHIP SELECT A “zero” on this input enables the USART for reading and writing 
to the processor. When CS is high, the DATA BUS is in the float 
state and RD and WR will have no effect on the chip. 

12 C/D CONTROL/DATA The Control/Data input, in conjunction with the WR and RD 
inputs, informs the USART to accept or provide either a data 
character, control word or status information via the DATA BUS. 
0 = Data; 1 = Control/Status 





13 READ DATA A “zero” on this input instructs the COM 8251A to place the data 
or status information onto the DATA BUS for the processor 
to read. 


14 RxRDY | RECEIVER READY The RECEIVER READY output indicates that the Receiver 
Buffer is ready with an “assembled” character for input to the 
processor. For polled operation, the processor can check 
RxRDY using a Status Read or RxRDY can be connected to the 

| | | processor interrupt structure. Note that reading the character 
i i to the processor automatically resets RxRDY. 


15 TxRDY | TRANSMITTER READY oO TRANSMITTER READY signals the processor that the trans- 
| mitter is ready to accept a data character. TxRDY can be used 

as an interrupt or may be tested through the Status information 

polled operaton. TxRDY is automatically reset by the leading 
edge of WR when a data character is loaded from the processor. 






SYNDET/ SYNC DETECT/ The SYNDET feature is only used in the Synchronous mode. 
BRKDET BREAK DETECT The USART may be programmed through the Mode Instruction 
to operate in either the internal or external Sync mode and 

SYNDET then functions as an output or input respectively. In 

the internal SYNC mode, the SYNDET output will go to a “one” 

when the COM 8251A has located the SYNC character in the 

Receive mode. If double SYNC character (bi-sync) operation 

has been programmed, SYNDET will go to “one” in the middle 

of the last bit of the second contiguously detected SYNC char- 

| acter. SYNDET is automatically reset to ‘ ‘Zero” upon a Status 


Sar 


| | Read or RESET. in the exiernai SYNC mode, a “zero” io “one” 





transition on the SYNDET input is sampled during the negative 
half cycle of RxC and will cause the COM 8251A to_start as- 
sembiing data character on the next rising edge of RxC. The 
length of the SYNDET input should be at least one RxC period, 
but may be removed | once the COM 8251A is in SYNC. When 


eT ae Fan ta4 





exiernat SYNC DETECT is programmed, tne internai SYNC 
| | | | [DETECT is disabled. | 
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INPUT/ 
PIN NO. |SYMBOL NAME OUTPUT FUNCTION 


The SYNDET/BRKDET pin is used in both Synchronous and 
Asynchronous modes. When in SYNC mode the features for 
the SYNDET pin described above apply. Whenin Asynchronous 
mode, the BREAK DETECT output will go high whenanailzero 
word of the programmed iength is received. This word consists 
of: start bit, data bit, parity bitandonestop bit.Resetonly occurs 
when Rx Data returns toa logic one state or upon chip RESET. 
The state of BREAK DETECT can also be read as a status bit. 
a= CLEAR TO SEND “| A“zero” on the CLEAR TO SEND input enables the USART to 


transmit serial data if the TxEN bit in the Command Instruction 
a5 TRANSMITTER EMPTY 


register is enabled (one). 
TRANSMITTER DATA 


If either a TxEN off or CTS off condition occurs while the Tx is 
ia — ix 


in operation, the Tx will transmit all thedataintheUSART written 
prior to the Tx Disable command before shutting down. 

i 7 — z 

ale — ©. 


id heel aes 






























The TRANSMITTER:-EMPTY output signals the processor that 
the USART has no further characters to transmit. TxE is auto- 
matically reset upon receiving a data character fromthe proces- 
sor. In half-duplex, TxE can be used to signal end of a trans- 
mission and request the processor to “turn the line around”. 
The TxEN bit in the command instruction does not effect TxE. 


In the Synchronous mode, a “one” on this output indicates that 
a SYNC character or characters are about to be automatically 
transmitted as “fillers” because the next data character has not 
been loaded; an underflow condition. If the USART is operat- 
ing inthe two SYNC character mode, bothSYNC characters will 
be transmitted before the message can resume. TxE does not 
go low when the SYNC characters are being shifted out. TxE 
goes low upon the processor writing a character to the USART. 























This output is the transmitted serial data from the USART. When 
a transmission is concluded the TxD line will always return to 
the marking state unless SBRK is programmed. 





The CLK input provides for internal device timing. External 
inputs and outputs are not referenced to CLK, but the CLK 
frequency must be greater than 30 times the RECEIVER or 
TRANSMITTER CLOCKS in the 1X mode and greater than 4.5 
times for the 16X and 64X modes. 











A “one” on this input forces the USART into the “idle” mode 
where it will remain until reinitialized with a new set’of control 
words. RESET causes: RxRDY = TxRDY = TxEmpty=SYNDET/ 
BRKDET = 0; TxD = DTR = RST = 1. Minimum RESET pulse 
width is 6 tcy, CLK must be running during RESET. 










The DATA SET READY input can be tested by the processor 
via Status information. The DSR input is normally used to test 
Modem Data Set Ready condition. 














The REQUEST TO SEND outputis controlled viathe Command 
word. The RTS output is normally used to drive the Modem 
Request to Send line. 














The DATA TERMINAL_READY output is controlled via the 
Command word. The DTR output is normally used to drive 
Modem Data Terminal Ready or Rate Select lines. 










The RECEIVER CLOCK is the rate at which the incoming char- 
acter is received. In the Asynchronous mode, theRxC frequency 
may be 1, 16 or 64 times the actual Baud Rate but in the Syn- 
chronous mode the RxC frequency must equa! the Baud Rate. 
Two bits in the mode instruction select Asynchronous at 1X, 


DATA_TERMINAL 
: READY 
16X or 64X or Synchronous operation at 1X the Baud Rate. 


RECEIVER CLOCK 
Data is sampled into the USART on the rising edge of RxC. 


Foe lees, 5 Vcc SUPPLY VOLTAGE | ps +5 volt supply 
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DESCRIPTION OF OPERATION— ASYNCHRONOUS 


Transmission — 


When a data character is written into the USART, it auto- 
matically adds a START bit (low level or “space”) and the 
number of STOP bits (high level or “mark”) specified by 
the Mode Instruction. If Parity has been enabled, an odd 
or even Parity bit is inserted just before the STOP bit(s), 
as specified by the Mode Instruction. Then, depending 
on ors and TxEN, the character may be transmitted as a 
serial data stream at the TxD output. Data is shifted out by 
the falling edge of TxC at a transmission rate of TxC, 
TxC/16 or TxC/64, as defined by the Mode Instruction. 


If no data characters have been loaded into the USART, or 
if all available characters have been transmitted, the TxD 
output remains “high” (marking) in preparation for send- 
ing the START bit of the next character provided by the 
processor. TxD may be forced to send a BREAK (con- 
tinuously low) by setting the correct bit in the Command 
Instruction. 


Receive — 


The RxD input line is normally held “high” (marking) by 
the transmitting device. A falling edge (high to low transi- 
tion) at RxD signals the possible beginning of aSTART bit 
and a new character. The receiver is thus prevented from 
starting in a “BREAK” state. The START bit is verified by 
testing for a “low” at its nominal center as specified by the 
BAUD RATE. If a “iow” is detected, it is considered valid, 
and the bit assembling counter starts counting. The bit 
counter locates the approximate center of the data, parity 
(if specified), and STOP bits. The parity error flag (PE) is 
set, if a parity error occurs. Input bits are sampled at the 
RxD pin with the rising edge of RxC. If a high is not de- 
tected for the STOP bit, which normally signals the end 
of an input character, a framing error (FE) will be set. After 
the STOP bit time, the input character is loaded into the 
paralled Data Bus Buffer of the USART and the RxRDY 
signal is raised to indicate to the processor that a character 
is ready to be fetched. If the processor has failed to fetch 
the previous character, the new character replaces the old 
and overrun flag (OE) is set. All the error flags can bereset 
by setting a bit in the Command Instruction. Error flag 
conditions will not stop subsequent USART operation. 


DESCRIPTION OF OPERATION— SYNCHRONOUS 


Transmission — 


As in Asynchronous transmission, the TxD output re- 
mains “high” (marking) until the USART receives the first 
character (usually aSYNC character) from the processor. 
After a Command Instruction has set TxEN and after 
Clear to Send (CTS) goes low, the first characteris serially 
transmitted. Data is shifted out on the falling edge of TxC 
at the same rate as TxC. 


Once transmission has started, Synchronous Data Pro- 
tocols require that the serial data stream at TxD continue 
at the TxC rate or SYNC will be lost. If a data character is 
not provided by the processor beforethe USART Transmit 
Buffer becomes empty, the SYNC character(s) loaded 
directly following the Mode Instruction will be automat- 
ically inserted in the TxD data stream. The SYNC char- 
acter(s) are inserted to fill the line and maintain synchron- 
ization untii the new data characters are available for 
transmission. If the USART becomes empty, and must 
send the SYNC character(s}, the TXEMPTY output is 
raised to signal the processor that the Transmitter Buffer 
is empty and SYNC characters are being transmitted. 
TXEMPTY is automaticaily reset by the next character 
from the processor. 


Receive— 


In Synchronous receive, character synchronization can 
be either external or internal. If the internal SYNC mode 


has been selected, the ENTER HUNT (EH) bit has been 
set by a Command Instruction, the receiver goes into the 
HUNT mode. 


Incoming data on the RxD input is sampled on the rising 
edge of RxC, and the contents of the Receive Buffer are 
compared with the first SYNC character after each bit has 
been loaded until a match is found. IftwoSYNC characters 
have been programmed, the next received character is 
also compared. When the (two contiguous) SYNC char- 
acter(s) programmed have been detected, the USART 
leaves the HUNT mode and is in character synchroniza- 
tion. At this time, the SYNDET (output) issethigh. SYNDET 
is automatically reset by aSTATUS READ. 


If external SYNC has been specified in the Mode Instruc- 
tion, a “one” applied to the SYNDET (input) for at least 


one RxC cycle will synchronize the USART. 


Parity and Overrun Errors are treated the same in the 
Synchronous as in the Asynchronous Mode. If not in 
HUNT, parity will continue to be checked even if the re- 


CéiVET iS HOt Enabdied. Framing errors do not appiy in the 
Synchronous format. 


The processor may command the receiver to enter the 
HUNT mode with a Command Instruction which sets 
Enter HUNT (EH) if synchronization is lost. Under this 
condition the Rx register will be cleared to all “ones”. 
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OPERATION AND PROGRAMMING 


The microprocessor program controlling the COM 8251A 
performs these tasks: . 


e Outputs control codes 
e Inputs status 
e Outputs data to be transmitted 
..e Inputs data which has been received 


Control codes determine the mode in which the COM 
8251A will operate and are used to set or reset control 
signals output by the COM 8251A. 


The Status register contents will be read by the program 
monitoring this device’s operation in order to determine 
error.conditions, when and how to read data, write data or. 
output control codes. Program logic may: be based on 
reading status bit levels, or control signals may be used 
to request interrupts. 





INITIALIZING THE COM 8251A 


Figure 1. Control Word Sequences for Initialization 


MODE CONTROL 
’ COMMAND 
DATA 


INITIALING 
SEQUENCE 





ASYNCHRONOUS OPERATION 


The COM 8251A may be initialized following a system 
RESET or prior to starting.a new seral I/O sequence. The 
USART must be RESET (external or internal) following 
power up and subsequenily may be reset at any time 
following completion of one activity and preceding a 
new set of operations. Following a reset, the COM 8251A 
enters an idle state in which it can neither transmit nor 
receive data. 


The COM 8251A is initialized with two, three or four con- 
trol words from the processor. Figure 1 showsthe sequence 
of contro! words needed to initialize the COM 8251A, for 
synchronous or for asynchronous operation. Note that 
in asynchronous operation a mode control is output to 
the device followed by a command. For synchronous 

_operation, the mode control is followed by one or two 
SYNC characters, and then a command. 


Only a single address is set aside for mode control bytes, 
command bytes and SYNC character bytes. For this to be 
possible, logic internal to the chip directs control informa- 
‘tion to its proper destination based on the sequence in 
which itis received. Following a RESET (external or inter- 
nal), the first control code output is interpreted as a mode 
control. If the mode control specifies synchronous opera- 
tion, then the next one ortwo bytes (as determined by the 
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MODE CONTROL 


SYNC #1 aa 
INITIALING 
SYNC #2 SEQUENCE 
(OPTIONAL) 
COMMAND 


DATA 


COMMAND 


DATA 


SYNCHRONOUS OPERATION 


mode byte) output as control codes will be interpreted as 
SYNC characters. For either asynchronous or synchro- 
nous operation, the next byte output as a control code is 
interpreted as a command. All subsequent bytes output 
as control codes are interpreted as commands. There are 
two ways in which control logic may return to anticipating 
a mode control input; following aRESET inputor following 
an internal reset command. A reset operation (internal via 
IR or external via RESET) will cause the USART to inter- 
pret the next “control write”, which should immediately 
follow the reset, as a Mode Instruction. 


After receiving the control words the USART is ready to 
communicate. TxRDY is raised to signal the processor 
that the USART is ready to receive a character for trans- 
mission. Concurrently, the USART is ready to receive 
serial data. 


C/D_ RD WR _ CS 


0 0 1 0 USART — Data Bus 
0 1 0 0 Data Bus — USART 
1 0 1 0 Status — Data Bus 
1 1 0 0 Data Bus — Control 
X X X 1 Data Bus — 3-State 
xX. 1 1 0 





MODE CONTROL CODES 


The COM 8251A interprets mode control codes as illus- 
trated in Figures 2 and 3. 


Control code bits Oand 1 determine whethersynchronous 
or asynchronous operation is specified. A non-zero value 
in bits 0 and 1 specifies asynchronous operation and de- 
fines the relationship between data transfer baud rate and 
receiver or transmitter clock rate. Asynchronous serial 
data may be received or transmitted on every clock pulse, 
on every 16th clock pulse, or on every 64th clock pulse, 
as programmed. A zero in both bits 0 and 1 defines the 
mode of operation as synchronous. 


For synchronous and asynchronous modes, control bits _ 


2 and 3 determine the number of data bits which will be 
present in each data character. In thecase ofaprogrammed 
character length of less than 8 bits, the least significant 
DATA BUS unused bits are “don’t care” when writing data 
to the USART and will be “zeros” when reading data. Rx 
data will be right justified onto DO and the LSB for Tx data 
is DO. 


For synchronous and asynchronous modes, bits 4 and 5 


determine whether there will be a parity bit in each char- 
acter, and if so, whether odd oreven parity willbe adopted. 
Thus in synchronous mode a character will consist offive, 
six, seven or eight data bits, plus an optional! parity bit. In 
asynchronous mode, the data unit will consist of five, six, 
seven or eight data bits, an optional parity bit, apreceeding 
start bit, plus 1, 112 or 2 trailing stop bits. Interpretation of 
subsequent bits differs for synchronous or asynchronous 
modes. 


Control code bits 6 and 7 in asynchronous modedetermine 
how many stop bits will trail each data unit. 12 stop bits 
can only be specified with a 16X or 64X baud rate factor. 
In these two cases, the half stop bit will be equivanlent to 
8 or 32 clock pulses, respectively. 


In synchronous mode, control bits 6 and 7 determine 
how character synchronization will be achieved. When 
SYNDET is an output, internal synchronization is specified; 
one or two SYNC characters, as specified by control bit 7, 
must be detected at the head of a data stream in order to 
establish synchronization. 





COMMAND WORDS 


Command words are used to initiate specific functions 
within the COM 8251A such as, “reset all error flags” or 
“start searching for sync”. Consequently, Command 
Words may be issued by the processor to the COM 8251A 
at any time during the execution of a program in which 


specific functions are to be initialized within the com- 
munication circuit. 


Figure 4 shows the format for the Command Word. 


Figure 4. COM 8251A Control Command 


1 0~G——— Bit No. 





TxEN 
1 = Enable transmission 
0 = Disable transmission 


DTR 


1 = DTR output is forced to0 
RxE 

1 = Enable RxRDY 

0 = Disable RxRDY 


SBRK 


1 = Reseis aii error fiags in 
Status register (PE, OE. FE) | 


7-7 


TS 
= RTS output is forced to 0 | 


1 = TxD is forced low 
0 = Normal operation 
ER 
ee ce 
| ee eet 


| iz 
1 = Reset format 
EH 


1 = Enter HUNT mode 





Figure 2. Synchronous Mode Control Code. 


Sync mode 


= 
oO 
ro 
i=) 
ua 
yn 


00 = 5.bits per character 
01 6 bits per character 
10 7 bits per character 
11 8 bits per character 





0=Parity disable, 1 = Parity enable 
‘0=Odd parity, 1 = Even parity 


O= SYNDET output 
1 =SYNDET input 


0=2 SYNC characters 
1=1 SYNC character 


Figure 3. Asynchronous Mode Control Code. 


7 1 0 ~t———Bit No. 


6 5 4 3 2 
\enye/ Naya! eye 
00 Invalid (SYNC mode) 
01 Async mode, 1X Baud rate factor 
10 Async mode, 16X Baud rate factor 
11. Async mode, 64X Baud rate factor 
00 5 bits per character 
01 6 bits per character 
10 7 bits per character 
11 8&8 bits per character 
0 =Parity disable, 1 = Parity enable 
0=Odd parity, 1 = Even parity 


00 = Invalid 

01 1stop bit 
10 1'%stop bits 
11. 2stop bits 





173 


Bit 0 of the Command Word is the Transmit Enable bit 
(TxEN). Data transmission for the COM 8251A cannot 
take place unless TxEN is set (assuming CTS = 0) in the 
command register. The TX Disable commandis prevented 
from halting transmission by the Tx Enable logic until ail 
data previously written has been transmitted. Figure 5 
defines the way in which TxEN, TxE and TxRDY combines 
to control transmitter operations. 


Bit 1 is the Data Terminal Ready (DTR) bit. When the DTR 
command bit is set, the DTR output connection is active 
( low). DTR is used to advise amodem that thedataterminal 
is prepared to accept or transmit data. 


Bit 2 is the Receiver Enable Command bit (RxE). RxE is 
used to enable the RxRDY output signal. RxE, when zero, 
prevents the RxRDY signal from being generated to notify 
the processor that a complete character is framed in the 
Receive Character Buffer. It does not inhibit the assembly 
of data characters at the input, however. Consequently, 
if communication circuits are active, characters will be 
assembled by the receiver and transferred to the Receiver 
Buffer. If RxE is disabled, the overrun error (OE) will prob- 
ably be set; to insure proper operation, the overrun error 
is usually reset with the same command that enables RxE. 


Figure 5. 
Operation of the Transmitter Section as a Function of TxE, TxRDY and TxEN 


TxEN TxE TxRDY 
1 1 1 


Transmit Output Register and Transmit Character Buffer empty. 


TxD continues to mark if COM 82514 is in the asynchronous mode. 
TxD will send SYNC pattern if COM 8251A is in the Synchronous 
Mode. Data can be entered into Buffer. 


Transmit Output Register is shifting a character. Transmit Character 
Buffer is available to receive a new byte from the processor. 


Transmit Register has finished sending. A new character is waiting 
for transmission. This is a transient condition. 


Transmit Register is currently sending and an additional character 
is stored in the Transmit Character Buffer for transmission. 


Transmitter is disabled. 


Bit 3 is the Send Break Command bit (SBRK).WhenSBRK 
is set, the transmitter output (TxD) is interrupted and a 
continuous binary “O” level, (spacing) is appliedtothe TxD 
output signal. The break will continue until a subsequent 
Command Word is sent tothe COM 8251A to remove SBRK. 


Bit 4 is the Error Reset bit (ER). When a Command Word 
is transferred with the ER bit set, all three error flags (PE, 
OE, FE) in the Status Register are reset. Error Reset occurs 
when the Command Word is loaded into the COM 8251A. 
No latch is provided in the Command Register to save the 
ER command bit. 


Bit 5, the Request To Send Command bit (RTS), sets a 
latch to reflect the RTS signal level. The output of this 
latch is created independently of other signals in the 
COM 8251A. As a result, data transfers may be made by 
the processor to the Transmit Register, and data may be 
actively transmitted to the communication line through 
TxD regardless of the status of RTS. 


Bit 6, the Internal Reset (IR), causes the COM 8251A to 





return to the Idle mode. All functions within the COM 
8251A cease and no new operation can be resumed until 
the circuit is reinitialized. If the operating mode is to be 
altered during the execution of a processor program, the 
COM 8251A must first be reset. Either the RESET input 
can be activated, or the Internal Reset Command can be 
sent to the COM 8251A. Internal Reset is a momentary 
function performed only when the command is issued. 


Bit 7 is the Enter Hunt command bit (EH). The Enter Hunt 
mode command is only effective for the COM8251A when 
it is operating in the Synchronous mode. EH causes the 
receiver to stop assembling characters at the RxD input, 
clear the Rx register to all “ones”, and start searching for 
the prescribed sync pattern. Once the “Enter Hunt” mode 
has been initiated, the search for the sync pattern will 
continue indefinitely until EH is reset when a subsequent 
Command Word is sent, when the IR command is sent to 
the COM 8251A, or when SYNC characters are recognized. 
Parity is not checked in the EH mode. 


i ad ta hE et | 
STATUS REGISTER 


The Status Register maintains information about the 
current operational status of the COM 8251A. Status can 
be read at any time, nowever, the status update will be 
inhibited during status read. Figure 6 shows the format of 
the Status Register. 


TxRDY signals the processor that the Transmit Character 
Buffer is empty and that the COM 8251A can accept anew 


character for transmission. The TxRDY status bit is not 


TxRDY (pin 15) = 


totally equivalent to the TxRDY output pin, the relationship 
is as follows: 


TxRDY (status bit) = Tx Character Buffer Empty 
Tx Character Buffer Empty « CTS ¢ TxEN 


RxRDY signals the processor that a completed character 
is holding in the Receive Character Buffer Register for 
transfer to the processor. 
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Figure 6. The COM 8251A Status Register 


7 6 5 4 


0 <+——— Bit No. 


TxE signals the processor that the Transmit Register 
is empty. 


PE is the Parity Error signal indicating to the CPU that the 
character stored in the Receive Character Buffer was 
received with an incorrect number of binary “1” bits. PE 
does not inhibit USART operation. PE is reset by the ER bit. 


OE is the receiver Overrun Error.OE isset wheneverabyte 
stored in the Receiver Character Register is overwritten 
with a new byte before being transferred to the processor. 
OE does not inhibit USART operation. OE is reset by the 
ER bit. 


FE (Async only) is the character framing error which in- 
dicates that the asynchronous mode byte stored in the 
Receiver Character Buffer was received with incorrect bit 
format (“0” stop bit), as specified by the current mode. FE 
does not inhibit USART operaton. FE is reset by the ER bit. 


TxRDY 


RxRDY 


TxE 


PE 
Parity error 


OE 
Overrun error 


FE 
Framing error 


SYNDET/BRKDET 


DSR 





SYNDET is the synchronous mode status bit associated 
with internal or external sync detection. 


DSR is the status bit set by the external Data Set Ready 
signal to indicate that the communication Data Set is 
operational. 


All status bits are set by the functions described for 
them. SYNDET is reset whenever the processor reads the 
Status Register. OE, FE, PE are reset by the error reset 
command or the internal reset command or the RESET 
input. OE, FE, or PE being set does not inhibit USART 
Operation. 


Many of the bits in the status register are copies of external 
pins. This dual status arrangement allows the USART to 
be used in both Polled and Interrupt driven environments. 
Status update can have a maximum delay of 16 tcy periods. 





Note: 


1. While operating the receiver it is important to realize 
that the RxE bit of the Command Instruction only in- 
hibits the assertion of RxRDY; it does not inhibit the 
actual reception of characters. As the receiver is con- 
stantly running, it is possible for it to contain extraneous 
data when it is enabled. To avoid problems this data 
should be read from the USART and discarded. This 
read should be done immediately following the setting 
of the RxE bit in the asynchronous mode, and following 
the setting of EH in the synchronous mode. It is not 
necessary to wait for RxRDY before executing the 
dummy read. 


2. ER should be performed whenever RxE of EH are pro- 
grammed. ER resets all error flags, even if RxE = 0. 


3. The USART may provide faulty RxRDY for the first read 
after power-on or for the first read after the receiver is 
re-enabled by a command instruction (RxE). Adummy 
read is recommended to clear faulty RxRDY. This is not 
the case for the first read after hardware or software 
reset after the device opration has been established. 


4. Internal Sync Detect is disabled when External Sync 
Detect is programmed. An External Sync Detect Status 
is provided through an internal flip-flop which clears 
itself, assuming the External Sync Detect assertion has 
removed, upon a status read. As long as External Sync 
Detect is asserted, External Sync Detect Status will 
remain high. 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range :..5 . psscs ck as Nevin Coss ee aibas ban viesws stedaney ds wAPb See os 0°C to +70°C 
Storage Temperature Range. :scsw.cewanciw st enee aan a Rayon Ke sow eae Ve aie has 4% eure —55°C to +150°C 
Lead Temperature (soldering, 10 SEC) o.06.n.eedsiuwtatinida ses eevee seed ceded a doewe yeu Me eases +325°C 
Positive Voltage on any Pin, with respect to Ground ......... eee cece cece eee e nent teen teen ee enes +8.0V 
Negative Voltage on any Pin, with respect to QrOUNG ... 6. ccc cece ence eet eect e ete ene eenee —0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device faiiure can result. Some power supplies exhibit 

voltage spikes or “glitches” on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. If this 

possibility exists it is suggested that as clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta =0°C to 70°C, Vcc = +5V +5%, unless otherwise noted) 


SYMBOL PARAMETER | MIN. | MAX. | UNIT TEST CONDITIONS 


D.C. Characteristics 



























Vit Input Low Voltage —0.3 08 V 

Vin Input High Voltage 2.0 Vec V 

Vor Output Low Voltage 0.45 V lo. =2.2 MA 

Vou Output High Voltage 2.4 Vo} don = —400 vA 

lor. Output Float Leakage +10 BA | Vout = Vcc TO 0.45V 

div Input Leakage +10 HA | Vin= Vcc TO 0.45V 

lec Power Supply Current 100 mA _ | All Outputs = High 
Capacitance Ta = 25°C, Vec = GND 

Cin Input Capacitance 10 pF | f¢=1MHz 

Cio 1/O Capacitance | | 20 | pF | Unmeasured pins returned to GND 
A.C. Characteristics 

Bus Parameters (Note 1) 

Read Cycle: 

tar Address Stable Before READ (CS, C/D) 0 ns |Note2 

tra Address Hold Time for READ (CS, C/D) 0 ns |Note2 

trR READ Pulse Width 250 ns 

tro Data Delay from READ 200 ns | Note 3, C. = 150 pF 

tor READ to Data Floating 10 100 ns 

Write Cycle: 

taw Address Stable Before WRITE | of { ns | 

twa Address Hold Time for WRITE | 0 | | ns — | . 

tww WRITE Pulse Width | 250 | ns | 

tow Data Set Up Time for WRITE | 150 | | ns | 

two Data Hoid Time for WRITE 0 ns 

trv Recovery Time Between WRITES | 6 | tcy | Note4 

Other Timings: 

tcy Clock Period Notes 5, 6 

te Clock High Pulse Width 


Clock Low Pulse Width 





SYMBOL PARAMETER Ca a TEST CONDITIONS 





tr, te Clock Rise and Fall Time 
torx TxD Delay from Falling Edge of TxC 1 ys 
tsrx Rx Data Set-Up Time to Sampling Pulse 2 us 
tHrx Rx Data Hold Time to Sampling Pulse 2 US 
frx Transmitter Input Clock Frequency 
1X Baud Rate DC 64 kHz 
16X Baud Rate DC 310 kHz 
64X Baud Rate DC 615 kHz 
trew Transmitter Input Clock Width = 
1X Baud Rate 12 tcy z 
16X and 64X Baud Rate 1 tey = 
trep Transmitter Input Clock Pulse Delay =) 
1X Baud Rate 15 tcy 
16X and 64X Baud Rate 3 tcy 
frx Receiver Input Clock Frequency 
1X Baud Rate DC 64 kHz 
16X Baud Rate DC 310 kHz 
64X Baud Rate DC 615 kHz 
taew Receiver Input Clock Pulse Width 
1X Baud Rate 12 tcy 
16X and 64X Baud Rate 1 tcy 
trep Receiver Input Clock Pulse Delay 
1X Baud Rate 15 tcy 
16X and 64X Baud Rate 3 tcy 
trxRDY TxRDY Pin Delay from Center of last Bit 8 tcy |Note7 
treapy clear |TXRDY | from Leading Edge of WR 150 ns_ |Note7 
trxrDy RxRDY Pin Delay from Center of last Bit 24 tcy |Note7 
taxrpy cLean |RXRDY !| from Leading Edge of RD 150 ns_ |Note7 
tis Internal SYNDET Delay from Rising 
Edge of RxG 24 tcy |Note7 
tes External SYNDET Set-Up Time Before 
Falling Edge of RxG 16 | toy |Note? 
trxempty TxEMPTY Delay from Center of Data Bit 20 tcy |Note7 
twe Control Delay from Rising Edge of 
WRITE (TxEn, DTR, RTS) Bey, ste Neier 
tcr Control to READ Set-Up Time (DSR, CTS) 20 tcy |Note7 


NOTES: 1. AC timings measured Vou = 2.0, Vot=0.8, and with load circuit of Figure 1. 
2. Chip Select (CS) and Command/Data (C/D) are considered as Addresses. 
3. Assumes that Address is valid before Ro}. 
4. This recovery time is for RESET and Mode Initialization. Write Data is allowed only when TxRDY = 1. Recovery Time between 
Writes for Asynchronous Mode is 8 tcy and for Synchronous Mode is 16 tcv. 
5. The TxC and RxC frequencies have the following limitations with respect to CLK. 
For 1X Baud Rate, frx or fax < 1/(30 tcy) 
For 16X and 64X Baud Rate, frx or fax S 1/(4.5 tcy) 
6. Reset Pulse Width = 6 tcy minimum; System Clock must be running during RESET. 
7. Status update can have a maximum delay of 28 clock periods from the event affecting the status. 
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Figure 1. 
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TEST LOAD CIRCUIT A. CAPACITANCE (pF) 
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WAVEFORMS 


System Clock Input 


CLOCK 9 if 7 Pe - oh 


Transmitter Clock & Data 


tTew tTPD 


Txt (1x MODE) 
Txt (16xMODE) 


—| L~torx tox—*| + 
1 


Receiver Clock & Data 


{Rx BAUD COUNTER STARTS HERE) 
START BIT 









Rx DATA OATA BIT 






DATABIT | 


RxC (1x MODE) 






8 RxC PERIODS 


| — caine —-—"8 RxC PERIODS (16 16. ooe)—————+| 


FS exwo0e iin: il ii 
. 


INT SAMPLING 
PULSE 
j<+———- tHRX ——-—_>} 
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Write Data Cycle (CPU —~ USART) 


'-TxRDY : / \ 


| 
tTxRDY CLEAR 
tww >| 


DON’T CARE DON’T CARE 
DATA IN (0.B.) 


Read Data Cycle (CPU <- USART) 


RxRDY / \ 


| tRxRDY CLEAR 


Ss |+—tRo | |+-toF 


DATA FLOAT DATA FLOAT 


DATA OUT (D.B.) { DATA OUT ACTIVE 
c/o 


cs 


Write Control or Output Port Cycle (CPU -- USART) 


OTR, RTS 
(NOTE =1) 


NOTE =1: Tyo INCLUDES THE RESPONSE TIMING OF A CONTROL BYTE. 


SECTION i 

























Read Control or Input Port (CPU < USART) 





DSR, CTS 
Ge ee 
-— tor —a| 
h*———- tRR — 
1 


1 [*— tRD — ne tor 





NOTE #1: Tog INCLUDES THE EFFECT OF CTS ON THE TxENBL CIRCUITRY. 


Transmitter Control & Flag Timing (ASYNC Mode) 


cTs 


tTxEMPTY oa | 
| 
| 


Tx EMPTY g 

















Tx READY 
(STATUS BIT) 
{ 
Tx READY 
(PiN} 
c/D 
es +; 
WR & 
Tx DATA pS 
R A R2 
DATA CHAR 1 DATA CHAR 2 DATA CHAR 2 Ss DATA CHAR 4 
=e bt 
ce o 
25 
EXAMPLE FORMAT = 7 BIT CHARACTER WITH PARITY & 2 STOP BITS. 5 (=) a 


Receiver Control & Flag Timing (ASYNC Mode) 


OVERRUN ERROR DATA 
{STATUS BIT) =i 


BREAK DETECT 
SR ener ree eee eS oe, , eee ae ee 






Rx ROY 


: REDATA 


Ps Ne ee 
Wr RxEn * i i Wr ERR | Rst Wr BxEn : |) Wr ReFn * 
' f 


Rx DATA 
DATA CHAR 1 DATA CHAR 2 DATA CHAR 3 SEN Tw 


DATA OUT 
(0.B.) 
c/o 

cs \ / 





EXAMPLE FORMAT = 7 BIT CHARACTER WITH PARITY & 2 STOP BITS. 


PARITY BIT 


START BIY 
DATA BIT 
STOP SIT 


Transmitter Control & Fiag Timing (SYNC Mode) 


Tx EMPTY 


Tx READY 
(STATUS BIT) 
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Tx READY r 
(PIN) 4 


Wr COMMAND 
SBRK. 
We DATA We DATA Wr DATA Wr DATA Wr COMMAND Wr DATA i 
CHAR 1 CHAR 2 CHAR 3 CHAR 4 SBRK ' CHAR 5 | | 
4 , 2 r TWAT 
DATA 


DATA WN MARKING] SPACING | MARKING \| DATA | SYNC 


CATA DATA 
MARKING STATE CHAR 1 nn 2 CHAR 1 Lowe | Sa CHAR 2 = 3 Sy: 4 STATE ¥ STATE STATE CHARS Saeepaper: CHAR 


elas TORRE OH AE OOAARIOOORTIOOOR TORSO aa ee anoccoscosccecms 


EXAMPLE FORMAT = 5 BIT CHARACTER WITH PARITY, 2 SYNC CHARACTERS. 























Receiver Control & Flag Timing (SYNC Mode) 


SYNOET 
(PIN) NOTE =1 


SYNDET {S,B) 


OVERRUN 
ERROR (S,B) 


Rx RDY (PIN) 








Rd STATUS 
Rd STATUS 

Pee Seca en Cen, ares I) 

RxEn * Ad DATA . Ra DATA IE SYNC 

CHAR 1 CHAR 3 iE: 1 


i 
OON'T SYNC SYNC DATA DATA DATA . 
pcHan2 2 ee 3 














i 
DATA DATA 
CARE a 1 pe 2 a 1 ee 1 | sync CHAR 2 DON'T CARE CHAR 1 Sacer: 2 ETC. 


Vy VOPAY-Y-VAVAVAAVAGYVAYVevey-V 
Rx DATA cessoccovcondsocescovosscnose:dsocenscccen cuCCs  COCCOCOCONDOCSOUCECANNENS 


CHAR ASSY 
tp ASSY BEGINS BEGINS 


A EXIT HUNT MODE 
EXIT HUNT move /” 
SET SYNC DET SET SYN DET (STATUS BIT} 




















SET SYNOET ae BIT} 


NOTE =1: INTERNAL SYNC, 2 SYNC CHARACTERS, 5 BITS, WITH PARITY 
NOTE =2: EXTERNAL SYNC, 5 BITS, WITH PARITY 
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APPLICATION OF THE COM8251A 


msyochronous rant . pooh esa = RY Temmninal: Synchronous Interface to Terminal or Peripheral Device 












RxO J~————-_-4_ EIA TO TTL 









{ CONVERT SYNCHRONOUS 
(oT) TERMINAL 
| eee | OR PERIPHERAL 


. DEVICE 


CAT 
TERMINAL 


BAUD RATE 
GENERATOR 
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COM8&251A Interface to uP Standard System Bus 
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tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 


STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 


rey 19 mo 221-0098 devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 


We keep ahead of our competition so you can keep ahead of yours. at any time in order to improve design and supply the best product possible. 
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—— 
IBM 3274/3276 

Compatible COAX Receiver/Transmitter 


FEATURES 


(1 Conforms to the IBM 3270 Interface Display 
System Standard 


_] Transmits and Receives Manchester Il Code 


(1 Detects and Generates Line Quiesce, Code 
Violation, Sync, Parity, and Ending Sequence 
(Mini Code Violation) 


CL] Multi Byte or Single Byte Transfers 

_] Double Buffer Receiver and Transmitter 
C] Separate Data and Status Select 

_] Operates at 2.3587 MHz 

(] TTL Compatible Inputs and Outputs 


L] COPLAMOS® n-Channel Silicon Gate 
Technology 


COM 9004 


PIN CONFIGURATION 


BSewmNUHAHREGHNAGOSNANHON A 


GENERAL DESCRIPTION 


The COM 9004 is an MOS/LSI circuit which may be used 


to facilitate high speed data transmission. The COM 9004 — 


is fabricated using SMC’s patented COPLAMOS® tech- 
nology and may be used to implement an interface between 
IBM 3274/3276 compatible control units and 3278/3287/ 


3289 compatible terminal units. The receiver and transmit- _ 


ter sections of the COM 9004 are separate and may be used 
independently of each other. 


The COM 9004 generates and detects the line quiesce, code 
violation, parity, and mini code violation bit patterns. 


The on-chip parity logic is capable of generating and 
checking either even or odd parity for the entire 10 bit data 
word. In addition, parity may be generated for the least sig- 
nificant 8 bits of the data word (this parity bit would replace 
the ninth data bit). 


mus 
TRANSMIT 


SHIFT 
REGISTER CONTROL 
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ORGANIZATION 


The COM 9004 is organized into 9 major sections. Com- 
munication between each section is achieved via internal 
data and control busses. 

Transmitter Holding Register 

The transmit holding register is a 12 bit latch. This latch is 
loaded with the transmit data and parity generation infor- 
mation from the system bus. 

Tri-State Buffers 

These buffers allow gating of the COM 9004's status word 
onto the system data bus. 

Bus Transceiver 

The bus transceiver allows bi-directional data transfer 
between the system data bus and the transmit and receive 
holding registers. 

Parity Generator 

This logic determines and generates the correct parity for 
the data in the transmitter holding register. 

Transmitter Control 

This logic generates signals required to enable external 


transmit circuitry. It also generates the Line Quiesce, Code 
Violation, sync bits and Mini Code Violation patterns. 


Transmitter Shift Register 

The transmitter shift register is an 11 bit parallel to serial 
shift register. It accepts data from the transmitter holding 
register and the parity generation lagic and converts it into 
serial form for transmission. 

Receive Control/Parity Check 


This logic checks the received character for the specified 
parity and ensures that no Transmit Check conditions 
occurred. It also handles the self test mode and generates 
a strobe when the complete data word is received. 


Receiver Shift Register 


This logic is a serial to parallel shift register that converts 
the received information into a 10 bit data word and RTA 
status bit. 


Receiver Holding Register 


This register holds the assembled data word until itis read 
by the processor. 


(RP 9 TER TT I SET 
DESCRIPTION OF PIN FUNCTIONS 
Processor Related Signals 











Empty 
Receive Bit 9 
Receive Bit 10 


Receiver Turn- 
around 


Receive Data 
Enable 





Receiver 
Parity 


Transmit Buffer | 







Available 
16 Status Word SWE Input: A low level at this pin enables the status word buffer outputs (DA, CVD, 
\ 


Enable 









DA 





23 Receive Data This three-state output signal is at a high level when an entire word has been 
Available received and transferred into the receiver buffer register. It is only set if a Transmit 
Check Condition did not occur. 
25 Code Violation CVD This three-state output signal is at a high level if a valid Code Violation was 
Detected detected at the receiver since the last time the transmitter was loaded. It is reset 











PINNO. | NAME SYMBOL | FUNCTION 
6-13 Transmit/ '  D0-D7 Bidirectional: 8 bit, three state data port used to transfer data between the COM 
Receive Data | 9004 and the processor. 
Bits DO is the first bit transmitted. 
4 Transmit Bit 9 T9S Input: A low level on this pin enables T9 to be transmitted as bit 9. A high level on 
Select this pin causes T9 to determine the type of parity bit generated for bits DO-D7. 

38 Transmit Bit 9 T9 Input: If T9S is low, this supplies transmit bit 9. If T9S is high, then T9 low forces 
odd parity and T9 high forces even parity to be generated for DO-D7. In this case 
the parity bit generated is transmit bit 9. 

39 Transmit Bit 10 T10 Input: This pin supplies transmit bit 10. 

3 Transmit Parity TP Input: This input controls the parity bit for transmit bits 1-10. A low level on this pin 
causes odd parity and a high level on this pin causes even parity to be generated 

| for bits 1-10. The parity bit generated is transmit bit 11. 

18 System Clock SCLK Input: This signal is used to synchronize the COM 9004. The transmitter is loaded 
and started on the low to high transition of SCLK if TDS is low. DA is reset on the 
low to high transition of SCLK if RDA is low. 

36 Transmitter Input: This input and SCLK are used to load the transmitter holding register and 

Data Strobe start the transmit sequence. Code Violation Detect (CVD) is reset at this time. 

26 Reset Data RDA Input: This input and SCLK are used to reset DA. 


TBMT, R9, R10, and RTA). A high level on SWE places the status word buffer 
outputs in a high impedance state. 











when the transmitter is loaded. 


This three-state output signal is at a high level when the transmit holding register 
may be loaded with new data. 


This three-state output signal is receiver data bit 9. 


This three-state output signai is receiver data bit 10. 


This three-state output signal is set to a high level when a valid Mini Code 
Violation is detected. It is only set if a Transmit Check did not occur. It is reset 
when the transmitter is loaded. 


ae Input: A low level enables the outputs of the receive data register DO-D7. 


Input: This input determines whether the entire received word will be checked for 
even or odd parity. A low at this pin will cause a check for odd parity and a high at 
this pin will cause a check for even parity. This input has an internal pull-up 
resistor. 
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PIN NO. 
29 






34 


22 
19 
2, 20, 40 








Analog 
Loopback 


Digital 
Loopback 


Master Reset 


upply Voltage 
Supply Voltage 
Supply Voltage 





Ground 


DESCRIPTION OF PIN FUNCTIONS (cont.) 





SYMBOL 
ALOOP 





DLOOP 






pull-up. 
1 Ss V 


ee ee se 


’ ’ 5 








FUNCTION 


Input: A low level on this pin disables the receiver except when the transmitter 
is active. A high level on this pin and DLOOP will cause the receiver to be 
disabled while the transmitter is active. 


ALOOP is used to allow loop-back through the line drivers and receivers. This 
input has an internal pull-up resistor. 


Input: A low level on this pin disables the receiver except when the transmitter 
is active. TG is forced to a high level to disable the external coax driver. Data 
input to the receiver is internally wrapped from the transmitter data output. 
This input has an internal pull-up resistor. 


Input: This input should be pulsed low after power-on. This signal resets DA to 
a low level and sets TG and TBMT to a high level. This input has an internal 






















+5 volt supply 
+12 volt supply 
— 12 volt supply 
GROUND 





Device Related Signals 


SYMBOL 


FUNCTION 


Baud Rate 
Clock 








33 Transmit Data TD 






31 Transmit Clock TC 
30 Receive Data RD 
32 Transmit Gate TG 






28 Receive 
Single Shot 














This input is a clock whose frequency is 8 times the desired transmitter and 
receiver baud rate (typically 18.8696 MHz for 3274/3276 operation). This input 
is not TTL compatible. 


Output: Serial data from the transmitter. This signal is a biphase Manchester II 
encoded bit stream. This output is high when no data is being transmitted. 


The Transmit Clock output is Y2 the frequency of BCLK. It is synchronized with 
TD and used to provide external pre-distortion timing. 


Input: Accepts the serial biphase Manchester !I encoded bit stream. 


Output: This signal is low during the time that the transmit data is valid. TG is 
used to turn on the external transmit circuitry. 


Input: A high level on this pin enables an internal digital single shot on RD. This 
limits a high level on RD to 3 clock times. Also when high it will cause the 


Enable receiver not to detect a valid Code Violation. A low level disables the single shot 
causing no reshaping of the RD input signal. 
















COM 9004 OPERATION 


The COM 9004 consists of a receiver section that converts 
Manchester II phase encoded serial data to parallel data 
and a transmitter section that converts parallel data to 
Manchester II phase encoded serial data. 


Receiver 


Message transfers must conform to the IBM 3270 protocol 
in order for the COM 9004 to acknowledge them. 


The received message is checked for the Code Violation 
sequence (start sequence) bit pattern, preceding the first 
data word, and Mini Code Violation (end sequence) following 
the last data word. 


The data word.consists of 10 data bits, a sync bit and a parity 
bit. 


The data word along with the first bit of the next word or 
ending zero (bit 13) is shifted into a shift register. Once it is 
assembled it is transferred and held in the holding register 
until another data word is assembled. The 13th bit is inverted 
and presented to the bus or RTA (receiver turn-around). 
Therefore RTA is set high on the last word of a message 
and is reset when the transmitter is loaded with the response 
or on the rising edge of SCLK if RDA is held low. 


Once the data word is in the holding register and parity is 
correct the data available (DA) status signal is set high. 


The Code Violation Detect signal (CVD) goes active high 
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after a line Quiesce, Code Violation and sync bit have been 
detected by the receiver. It is reset when the transmitter of 
the COM 9004 is asserted. By examining this signal, the 
processor can determine whethera timeout or Transmit Check 
condition caused a receiver error. 


The receive input is sampled at 8 times the data rate. The 
receiver logic is brought into bit synchronization during the 
Line Quiesce pattern. Once the Code Violation following 
the Line Quiesce is detected, the receiver is brought into bit 
and word synchronization. The internal receiver clock is 
adjusted after each transition to compensate for jitter and 
distortion in the received data signal. 


Transmitter 


The transmitter section basically consists of a 12-bit holding 
register, parallel to serial shift register and a parity generator. 
The firmware initiates a transmit sequence by strobing TDS 
low. The data is loaded into the holding register on the rising 
edge of SCLK while TDS is low. Nine bits of data (DO-D7 
and T10) are transferred without change to the transmit shift 
register. The logic level of T9S determines whether T9 will be 
transmitted as parity on the preceding eight bits, or as data. 


After the processor loads the transmit holding register with 
data, status signal TBMT is driven inactive low until the COM 
9004 transfers the data from the transmit holding register 
to the transmit shift register. After the transfer, TBMT is driven 
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high. The processor should not try to load data into the COM 
9004 while TBMT is low. When initiating a data transmission, 
the COM 9004 automatically transmits a Line Quiesce 
pattern and a Code Violation. The data is then shifted out 
of the shift register with a sync bit (1) inserted before the 
data word, and a parity bit appended after the data word. 


If anew word is loaded into the COM 9004 before the parity 
bit of the previous word has been transmitted, a sync bit (1) 
followed by the new data bits is transmitted. If not, after the 
COM 9004 transmits the last data word (no more transmit 
sequences are started), a sync bit (0) and a Mini Code 
Violation is appended to the end of the message. 


Output TG goes active low one-half bit cell time before the 
first Line Quiesce character is output. It is made inactive 
(high) during the transmission of the Mini Code Violation. 


Diagnostic Modes 

NORMAL OPERATION (ALOOP AND DLOOP HIGH) 
Internal read data signal follows the RD input as long as the 
COM 9004’s transmitter is off. The receiver will be disabled 
while the transmitter is active. 

ANALOG LOOPBACK (ALOOP LOW AND DLOOP HIGH) 
The internal read data signal follows the RD input as long 
as the COM 9004's transmitter is active. 

DIGITAL LOOPBACK ALOOP HIGH AND DLOOP Low) 
The intemal read data signal follows an internally generated 
and latched valid transmit signal (only when the transmitter 
is active.) The output TG is disabled in digital loopback mode. 
DISABLE RECEIVER (ALOOP ANDDLOOPLOW) __ 
The internal read data signal is held low and output TG 
is disabled. 








MESSAGE FORMATS 


Single Byte Transmission 


COAX LINE _ CODE SYNC DATA PARITY ENDING COAX 
IDLE QUIESCE VIOLATION BIT (10 BITS) BIT SEQUENCE IDLE 


Multiple Byte Transmission 


COAX LINE CODE SYNC DATA 1 PARITY SYNC DATA 2 
IDLE | QUIESCE VIOLATION BIT (10 BITS) BIT BIT (10 BITS) 


PARITY SYNC DATA N PARITY ENDING 
BIT BIT (10 BITS) BIT SEQUENCE 


Bits on the coax appear as positive and negative going 
pulses. A positive pulse to negative pulse transition in the 
middle of the bit cell is interpreted as a logical ‘0’. Anegative 
pulse to positive pulse transition in the middle of a bit cell is 


Line Quiesce Pattern 


The Line Quiesce pattern consists of five contiguous logical 
ones. It establishes an equilibrium condition on the coax 
following line turnaround. 
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COAX 
IDLE 


interpreted as a logical ‘1’. A predistortion pulse is generated 
for every pulse transition from an up to down level or a down 
to up level. 








Code Violation Pattern 


ne “q” code violation . sync bit 
of line- 
quiesce 


The Code Violation pattern is a bit sequence containing. 
no mid-bit time level transition in two of its three bit 
cells. It is a unique pattern that violates the encoding 
rules and indicates the start of valid data. 


Mini Code Violation Pattern 


bit times: 


I° 
last data Ending Sequence 
byte 


The Mini Code Violation (MCV) pattern is a bit 
sequence containing no mid-bit time level transition 
in either of its bit cells. It is a unique code that violates 
the encoding rules and indicates the end of valid 
transmit data. 


Transmit Check 
A Transmit Check is defined as follows: 


1) A logical zero sync bit in the ending sequence not 
followed by a Mini Code Violation. 

2) Loss of a level transition at the mid-bit time during 
other than a normal ending sequence. 

3) A transmission parity error. 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range .......... 0c ccc cece cece e eee n eee eee e et eteteneeeeacenetiesesaneneaes O°C to + 70°C 
Storage Temperature Range . ci... k ete e ees en vag eueen rds neebebeeeee edt edsedenebseeeesanaweees — 55° to + 150°C 
Lead Temperature (soldering, 10 S@C.) . 0.6.6 cee ccc cece cece nee eee e ene eeeueeeeeanaeeeuanbnbenbnnes +300°C 
Positive Voltage on any 1/O Pin, with respect to ground ...... ccc ccc cc cc ee cence eect eter teteeeeennnnes +18.0V 
Negative Voltage on any I/O Pin, with respect to ground ...... 0.0... ccc cece e ence e een eaaetetetnennnnnana —0.3V 
PoOWer DISSIPATION. cisiek wees wean Wh oN eiue dns Sa Tape ew ote ee Pa a Ble deh eo ee he a dAdo EM rd, ed ad aa hate a 0.75W 


“Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not 
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power 
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. For example, the bench 
power supply programmed to deliver + 12 volts may have large voltage transients when the AC power is switched on and off. If this 
possibility exists it is suggested that a clamp circuit be used. 


DC ELECTRICAL CHARACTERISTICS (T, = 0°C to 70°C, Veg = +5V +5%, Vop = +12V +5%, Vag = —12V +5%) 











PARAMETER MIN TYP MAX UNIT COMMENTS 
DC CHARACTERISTICS 
INPUT VOLTAGE 
V, Low 8 V 
Via High Voc V (Except BCLk) 
Vin High : Veo +.3 Vv (BCLK only) 
OUTPUT VOLTAGE 
Vo. Low lo. = 2.0MA 
Vou High lon = —-25MA 
POWER SUPPLY CURRENT 
lec 70 mA Alloutputs = VQ, 
lop 16 mA 
les 5 mA 
INPUT LEAKAGE CURRENT 
All input pins Vin = O10 Voc 


a a eee 
CAPACITANCE 
Cw 10 (Except BCLK) 
Cw 35 (BCLK only) 


AC ELECTRICAL CHARACTERISTICS (T, = 0°C to 70°C, Veg = +5V 5%, Von = +12V +5%, Veg = —12V +5%) 

















PARAMETER MIN TYP MAX UNIT CONDITIONS 
Clock Frequency | | 

Bax | 7 | 18.8696 | 18.9 MHz 

Ee DC 4.7474 | 5 MHz 

Clock Width | | 

tow SCLK High | 80 | | ns 

ts. SCLK Low | 80 | | ns 

tex» BCLK High | ns 

tex, BCLK Low ns 

t, BCLK rise time ns 








t. | BCLK fall time 


taoo RODE to Data Valid Delay 
tsop SWE to Data Valid Delay 
tp- Data Read to Bus Float 





















ths Data Setup Time 100 ns 

tp, Data Hold Time 0 ns 

toay DA to receive data — 100 100 ns 
valid delay 

tre | TC clock period | 106 ns | 

train TC to TG low delay —53 | ns | 

trau0 TC to TG high dela 30 ns 

tros Transmit data to T | 10 | | | ns 
setup time 

tro. Transmit data to TC 20 ns 
hold time 


to | TBMT active to de-active 
tooc TBMT cycle 

too TBMT de-activated 

toss IDS set up 

toss DS hold 

MR pulse width 










twa 
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TIMING DIAGRAMS 


MISC. TIMING BUS INPUT TIMING 


RECEIVE DATA TIMING 


tow 
‘DO-D7, 
R9, R10 VALID DATA 


*DA may occur from 100 ns before to 100 ns after data is valid. BUS OUTPUT TIMING 


TRANSMITTER TIMING 


SWE 


REXKK a KKK aoa —— ex | DATA, 


STATUS 
VALID 


1 BITCELL 


TBMT CYCLE 
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NOTE: 1, T1-1:1:1 PULSE TRANSFORMER (TECHNITROL PART NO. 11LHA OR EQUIV) 
2. ALL RESISTOR IN OHMS 


TYPICAL COAX INTERFACE 





STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 


tions, consequently complete information sufficient for construction purposes is not necessarily given. The 


CORPOR ATION information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
36 Marcus Blvd. Hauppauge. NY 11788 devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 

(516) 273-3100 TWX-510-227-8898 at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
a 
—— ~ 






COM 9026 


Local Area Network Controller 
LANC™ 


FEATURES 

TC 2.5 M bit data rate 

C1 ARCNET local area network controller 
C) Modified token passing protocol 


(J Self-reconfiguring as nodes are added or 
deleted from network 


C Handles variable length data packets 
ZC 16 bit CRC check and generation 


C] System efficiency increases with network 
loading 


C1 Standard microprocessor interface 


C] Supports up to 255 nodes per network 
segment 


C) Ability to interrupt processor at conclusion of 
commands 


CJ Interfaces to an external 1K or 2K RAM buffer 


[] Arbitrates buffer accesses between processor 
and COM 9026 


CJ Replaces over 100 MSI/SSI parts 

C] Ability to transmit broadcast messages 

LJ Compatible with broadband or baseband 
systems 

L] Compatible with any interconnect media 
(twisted pair, coax, etc.) 


PIN CONFIGURATION 


POR 
Vec 

RX 

TX 
DSYNC 
A8 
IDDAT 
TOLD 
AQ 

A10 


ECHO 
INTR 
ADO 
AD1 
AD2 
AD3 





(J Arbitrary network configurations can be used 
(star, tree, etc.) 


XC Single +5 volt supply 


GENERAL DESCRIPTION 


- The COM 9026 is a special purpose communications adapter 
for interconnecting processors and intelligent peripherals 
using the ARCNET local area network. The ARCNET local 
area network is a self-polling “modified token passing” net- 
work operating at a 2.5 M bit data rate. A “modified token 
passing” scheme is one in which all token passes are 
acknowledged by the node accepting the token. The token 
passing network scheme avoids the fluctuating channel 
access times caused by data collisions in so-called CSMA/ 
CD schemes such as Ethernet. 


The COM 9026 circuit contains a microprogrammed se- 
quencer and all the logic necessary to control the token 
passing mechanism on the network and send and receive 
data packets at the appropriate time. A maximum of 255 
nodes may be connected to the network with each node 
being assigned a unique ID. 
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The COM 9026 establishes the network configuration, and 
automatically re-configures the network as new nodes are 
added or deleted from the network. The COM 9026 per- 
forms address decode, CRC checking and generation, and 
packet acknowledgement, as well as other network man- 
agement functions. The COM 9026 interfaces directly to the 
host processor through a standard multiplexed address/ 
data bus. 


An external RAM buffer of up to 2K locations is used to hold 
up to four data packets with a maximum length of 508 bytes 
per message. The RAM buffer is accessed both by the pro- 
cessor and the COM 9026. The processor can write com- 
mands to the COM 9026 and also read COM 9026 status. 
The COM 9026 will provide all signals necessary to allow 
smooth arbitration of all RAM buffer operations. 

*ARCNET is a registered trademark of the Datapoint Corporation. 
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FIGURE 2—TYPICAL COM 9026 INTERFACE 





27, 28 








21, 22,23, | ADDRESS/ 
24, 25, 26, | DATA7-0 


I/O REQUEST 


MEMORY 


REQUEST 
READ/WRITE 





DESCRIPTION OF PIN FUNCTIONS (refer to figure 2) 


| PINNO. | NAME SYMBOL 


31,32,35 | ADDRESS 10, 


A10, AQ, A8 


AD7-ADO 


FUNCTION 


These three output signals are the three most significant bits of the RAM buffer 
address. These signals are in their high impedance state except during COM 
9026 access cycles to the RAM buffer. A10 and AQ will take on the value nn as 
specified in the ENABLE RECEIVE or ENABLE TRANSMIT commands to or 
from page nn and should be viewed as page select bits. For packets less than 
256 bytes a 1K buffer can be used with A8 unconnected. For packets greater 
than 256 bytes, a 2K buffer is needed with A8 connected. 


These 8 bidirectional signals are the lower 8 bits of the RAM buffer address and 
the 8 bit data path in and out of the COM 9026. ADO is also used for I/O command 
decoding of the processor controi or status commands to the COM 9026. 


This input signal indicates that the processor is requesting the use of the data bus 


to receive status information or to issue a command to the COM 9026. This signal 
is sampled internally on the falling edge of AS. 


This input signal indicates that the processor is requesting the use of the data bus 
to transfer data to or fromthe RAM buffer. This signal is sampled internally on the 
falling edge of AS. 


A high level on this input signal indicates that the processor’s access cycle to the 
COM 9026 or the RAM buffer will be a read cycle. A low level indicates that a 

write cycle will be performed to either the RAM buffer or the COM 9026. The write 
cycle will not be completed, however, until the DWR input is asserted. This signal 
is an internal transparent latch gated with AS. 


This input signal is used by the COM 9026 to sample the state of the IOREQ, 
MREQ and R/W inputs. The COM 9026 bus arbitration is initiated on the falling 
edge of this signal. 


This output signal acknowledges the fact that the processor's I/O or memory 
cycle has been sampled. The signal is equal to MREQ or IOREQ passed through 
an internal transparent latch gated with AS. 


This output signal is asserted by the COM 9026 at the start of a processor access 


cycle to indicate that it is not ready to transfer data. WAIT returns to its inactive 








































11 REQUEST 

12 

6 DELAYED 
WRITE 

29 INTERRUPT 
REQUEST 

18 INTERFACE 
LATCH 
ENABLE 

14 ADDRESS/ 
DATA INPUT 
ENABLE 

13 ADDRESS 
INPUT 
ENABLE 

15 LATCH 

17 WRITE 
ENABLE 

16 OUTPUT 
ENABLE 

33 ID LOAD 

34 ID DATA IN 

1,3 EXTENDED 
TIMEOUT 
perce 
DATA 

38 RECEIVE 
DATA 


~ 
Oo 


IDDAT 


ET2, ET1 


RX 





state when the COM 9026 is ready for the processor to complete its cycle. 


This input signal informs the COM 9026 that valid data is present on the proces- 
sor’s data bus for write cycles. The COM 9026 will remain in the WAIT state until 
this signal is asserted. DWR has no effect on read cycles. If the processor is able 
to satisfy the write data setup time, it is recommended that this signal be 
grounded. 


This output signal is asserted when an enabled interrupt condition has occured. 
INTR returns to its inactive state by resetting the interrupting status condition or 
the corresponding interrupt mask bit. 


This output signal, in conjunction with ADIE, gates the processor's address/data 
bus (PAD7-PADO) onto the interface address/data bus (IAD7-IADO) during the 
data valid portion of a Processor Write RAM or Processor Write COM 9026 
operation. 


This output signal enables the processor's address/data bus (PAD7-PADO) cap- 
tured by AS or ILE onto the interface address/data bus (IAD7-IADO). 


This output signal enables the processor's upper 3 address bits (PA10-PA8) onto 
the interface address bus (IA10-1A8). 


This output signal latches the interface address/data bus ([AD7-IADO) into a latch 
which feeds the lower 8 address bits of the RAM buffer during address valid time 
of all RAM buffer access cycles. 


This output signal is used as a write pulse to the external RAM buffer. Data is ref- 
erenced to the trailing edge of WE. 


This output signal enables the RAM buffer output data onto the interface 
address/data bus ([AD7-IADO) during the data valid portion of all RAM buffer 
read operations. 


This output signal synchronously loads the value selected by the ID switches into 
an external shift register in preparation for shifting the ID into the COM 9026. The 
shift register is clocked with the same signal that feeds the COM 9026 on pin 19 
(CLk). The timing associated with this signal and IDDAT (pin 34) is illustrated in 
figure 19. 


This input signal is the serialized output from the external ID shift register. The ID 
| is shifted in most significant bit first. A high level is defined as a logic “1”. 


| The levels on these two input pins specify the timeout durations used by the COM 
| 9026 in its network protocol. Refer to the section entitled “Extended Timeout 
| Function” for details. 


| 


37 TRANSMIT TX | This output signal contains the serial transmit data to the CABLE 





| TRANSCEIVER. 


_ This input signal contains the serial receive data from the CABLE 
' TRANSCEIVER. 
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DESCRIPTION OF PIN FUNCTIONS (Continued) 









SYMBOL 








4,5 | TESTPIN2 


TEST PIN 1 





| ECHO 
DIAGNOSTIC 
| ENABLE 
















36 DELAYED 
SYNC 


POWER ON 
RESET 


























39 +5 VOLT Voc 
SUPPLY 
GROUND 





These input pins are grounded for normal chip operation. These pins are used in 
conjunction with ET2 and ET1 to enable various internal diagnostic functions 
when performing chip level testing. 


When this input signal is low, the COM 9026 will re-transmit all messages of 
length less than 254 bytes. This input should be tied high for normal chip opera- 
tion and is only utilized when performing chip ievei testing. 

Accontinuous 5 MHz clock input used for timing of the COM 9026 bus cycles, bus 
arbitration, serial ID input, and the internal timers. 


This input signal is a 5 MHz clock used to control the operation of the COM 9026 
microcoded sequencer. This input is periodically halted in the high state by the 
DSYNC output. 


This output signal is asserted by the COM 9026 to cause the external clock gen- 
erator logic to halt the CA clock. Refer to figure 9. 


This input signal clears the COM 9026 microcoded sequencer program counter 

to zero and initializes various internal control flags and status bits. The POR sta- 
tus bit is also set which causes the INTR output to be asserted. Repeated asser- 
tion of this signal will degrade the performance of the network. 







FUNCTION 























PROTOCOL DESCRIPTION 


LINE PROTOCOL DESCRIPTION 


The line protocol can be described as isochronous because 
each byte is preceded by a start interval and ended with a 
stop interval. Unlike asynchronous protocols, there is a con- 
stant amount of time separating each data byte. Each byte 
will take up exactly 11 clock intervals with a single clock inter- 
val being 400 nanoseconds in duration. As a result, 1 byte is 
transmitted every 4.4 microseconds and the time to transmit 
a message can be exactly determined. The line idles in a 
spacing (logic 0) condition. A logic ‘0’ is defined as no line activity 
and a logic 1 is defined as a pulse of 200 nanoseconds dura- 
tion. A transmission starts with an ALERT BURST consisting 
of 6 unit intervals of mark (logic 1). Eight bit data characters 
are then sent with each character preceded by 2 unit intervals 
of mark and one unit interval of space. Five types of transmis- 
sion can be sent as described below: 


Invitations To Transmit 

An ALERT BURST followed by three characters; an EOT 
(end of transmission—ASCIl code 04 HEX) and two 
(repeated) DID (Destination IDentification) characters. This 
message is used to pass the token from one node to another. 


Free Buffer Enquiries 

An ALERT BURST followed by three characters; an ENQ 
(ENQuiry—ASCII code 05 HEX) and two (repeated) DID 
(Destination IDentification) characters. This message is used 
to ask another node if it is able to accept a packet of data. 


Data Packets 


An ALERT BURST followed by the following characters: 

— an SOH (start of header-ASCII code 01 HEX) 

—two (repeated) DID (destination IDentification) 
characters. 

—a single COUNT character which is the 2’s comple- 
ment of the number of data bytes to follow if a “short 
packet” is being sent or 00 HEX followed by a COUNT 
character which is the 2’s complement of the number 
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of data bytes to follow if a “long packet” is being sent. 
—N data bytes where COUNT = 256-N (512-N for a “long 
packet”) 
—two CRC (Cyclic Redundancy Check) characters. The 
CRC polynomial used is X'® + X15 + X2 + 1. 


Acknowledgements 

An ALERT BURST followed by one character; an ACK 
(ACKnowledgement—ASCII code 06 HEX) character. This 
message is used to acknowledge reception of a packet 
or as an affirmative response to FREE BUFFER 
ENQUIRIES. 


Negative Acknowledgements 


An ALERT BURST followed by one character; a NAK (Neg- 
ative AcKnowledgement—ASCIl code 15 HEX). This mes- 
sage is used as a negative response to FREE BUFFER 
ENQUIRIES. 


NETWORK PROTOCOL DESCRIPTION 


Communication on the network is based on a “modified token 
passing” protocol. A “modified token passing” scheme is 
one in which all token passes are acknowledged by the node 
receiving the token. Establishment of the network config- 
uration and management of the network protocol are han- 
died entirely by the COM 9026's internal microcoded 
sequencer. A processor or intelligent peripheral transmits 
data by simpiy ioading a data packet and its destination ID 
into the RAM buffer, and issuing a command to enable the 
transmitter. When the COM 9026 next receives the token, 
it verifies that the receiving node is ready by first transmit- 
tinga FREE BUFFER ENQUIRY message. If the receiving 
node transmits an ACKnowiedge message, the data packet 
is transmitted followed by a 16 bit CRC. If the receiving node 
cannot accept the packet (typically its receiver is inhibited), 
it transmits a Negative AcKnowledge message and the 
transmitter passes the token. Once it has been established 
that the receiving node can accept the packet and trans- 
mission is complete, the receiving node will verify the packet. 


; 


If the packet is received successfully, the receiving node 
transmits an acknowledge message (or nothing if it is 
received unsuccessfully) allowing the transmitter to set the 
appropriate status bits to indicating successful or unsu- 
cessful delivery of the packet. An interrupt mask permits 
the COM 9026 to generate an interrupt to the processor when 
selected status bits become true. Figure 3 is a flow chart 
illustrating the internal operation of the COM 9026. 


NETWORK RECONFIGURATION 


A significant advantage of the COM 9026 is its ability to adapt 
to changes on the network. Whenever a new node is acti- 
vated or deactivated a NETWORK RECONFIGURATION 
is performed. When anew COM 9026 is turned on (creating 
anew active node on the network), or if the COM 9026 has 
not received an INVITATION TO TRANSMIT for 840 milli- 
seconds, it causes a NETWORK RECONFIGURATION by 
sending a RECONFIGURE BURST consisting of eight marks 
and one space repeated 765 times. The purpose of this burst 
is to terminate all activity on the network. Since this burst is 
longer than any other type of transmission, the burst will 
interfere with the next INVITATION TO TRANSMIT, destroy 
the token and keep any other node from assuming control 
of the line. It also provides line activity which allows the COM 
9026 sending the INVITATION TO TRANSMIT to release 
control of the line. 


When any COM 9026 sees an idle line for greater than 78.2 
microseconds, which will only occur when the token is lost, 
each COM 9026 starts an internal time out equal to 146 
microseconds times the quantity 255 minus its own ID. It 
also sets the internally stored NID (next ID representing the 
next possible ID node) equal to its own ID. If the timeout 
expires with no line activity, the COM 9026 starts sending 
INVITATIONS TO TRANSMIT with the DID equal to the 
currently stored NID. Within a given network, only one COM 
9026 will timeout (the one with the highest ID number). After 
sending the INVITATION TO TRANSMIT, the COM 9026 
waits for activity on the line. If there is no activity for 74.7 


microseconds, the COM 9026 increments the NID value and 
transmits another INVITATION TO TRANSMIT using the new 
NID equal to the DID. If activity appears before the 74.7 
microsecond timeout expires, the COM 9026 releases con- 
trol of the line. During NETWORK RECONFIGURATION, 
INVITATIONS TO TRANSMIT will be sent to all 256 possi- 
ble ID’s. Each COM 9026 on the network will finally have 
saved a NID value equal to the ID of the COM 9026 that 
assumed control from it. From then until the next NET- 
WORK RECONFIGURATION, control is passed directly 
from one node to the next with no wasted INVITATIONS TO 
TRANSMIT sent to ID’s not on the network. When a node 
is powered off, the previous node will attempt to pass it the 


~ token by issuing an INVITATION TO TRANSMIT. Since this 


node will not respond, the previous node will time out and 
transmit another INVITATION TO TRANSMIT to an incre- 
mented ID and eventually a response will be received. 


The time required to do a NETWORK RECONFIGURA- 
TION depends on the number of nodes in the network, the 
propogation delay between nodes and the highest ID 
number on network but will be in the range of 24 to 61 
milliseconds. 


BROADCAST MESSAGES 


Broadcasting gives a particular node the ability to transmit 
a data packet to all nodes on the network simultaneously. 
ID zero is reserved for this feature and no node on the net- 
work can be assigned ID zero. To broadcast a message, 
the transmitting node’s processor simply loads the RAM 
buffer with the data packet and sets the destination ID (DID) 
equal to zero. Figure 8 illustrates the position of each byte 
in the packet with the DID residing at address 01 HEX of 
the current page selected in the TRANSMIT command. Each 
individual node has the ability to ignore broadcast mes- 
sages by setting the most signficant bit of the ENABLE 
RECEIVE TO PAGE nn command (see “WRITE COM 9026 
COMMANDS’) to a logic zero. 


BUFFER CONFIGURATION 


During a transmit sequence, the COM 9026 fetches data 
from the Transmit Buffer, a 256 (or 512) byte segment of the 
RAM buffer. The appropriate buffer size is specified in the 
DEFINE CONFIGURATION command. When long pack- 
ets are enabled, the COM 9026 will interpret the packet as 
a long or short packet depending on whether the contents 





ADDRESS FORMAT 


FIGURE 8— 

RAM BUFFER : ae 
PACKET 2 COUNT =256—N 
CONFIGURATION NOT 


USED 
COUNT DATA BYTE 1 
[_ DATABYTE2 
| ® 
e 
e 


DATA BYTE N-1 
DATA BYTE N 


NOT 
USED 














SHORT PACKET 
(256 OR 512 BYTE PAGE) 


COM 9026 OPERATION 


of buffer location 02 is zero or non zero. During a receive 

sequence, the COM 9026 stores data in the receive buffer, 
also a 256 (or 512) byte segment of the RAM buffer. The 
processor I/O command which enables either the COM 9026 
receiver or the COM 9026 transmitter also initializes the 
respective buffer page register. The formats of the buffers 
(both 256 and 512 byte) are shown below. 


ADDRESS FORMAT 
0 SiD 
1 DID 
2 0 
3 COUNT =512—N 


NOT 
USED 





N= DATA PACKET LENGTH 
SID = SOURCE ID 
DID = DESTINATION ID 


DATA BYTE 1 
DATA BYTE 2 
e 
e 
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DATA BYTE N-1 
DATA BYTE N 


(0 FOR BROADCASTS) 














LONG PACKET 
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WRITE ID 
TO RAM BUFFER 
SET NID = 1D (i) 


Pe: 
TO TRANSMIT TO 

THIS 10 
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1D 
10 
ACTIVITY 
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RECONFIGURATION 
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TRANSMIT 
NAK 
TRANSMIT 
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BROADCAST 







SET NID = ID 


BROADCAST 
START TIMER 
: (255 ~ ID)-146ys 











TRANSMIT 
INVITATION TO 


TRANSMIT 
PASS THE TOKEN)! 


SET TMA 










NO 
ACTIVITY 
FOR 74.7 
“us. 





INCREMENT 
Ni 


4 


* The ID set by the external switches is continually sampled during COM 9026 operation 
- ID refers to the identification number assigned to this node 
- NID refers to the next identification number receiving the token from this iD 

- SID = source identification 
- DID = destination identification SEND ACK 
- SOH = start of header character; preceeds all data packets 





SEND 
RECONFIGURE 
BURST 
RECONFIGURE READ ID* 
TIMER HAS FROM 
TIMED OUT SWITCHES 
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PROCESSOR INTERFACE 


Figure 2 illustrates a typical COM 9026 to processor inter- 
face. The signals on the left side of this figure represent typ- 
ical processor signals with a 16 bit address bus and an 8 bit 
data bus with the data bus multiplexed onto the lower 8 
address lines (PAD7-PADO). The processor sees a net- 
work node (a node consists of a COM 9026, RAM buffer, 
cable transceiver, etc. as shown in figure 2) as 2K memory 
locations and 4 I/O locations within the COM 9026. 


The RAM buffer is used to hold data packets temporarily 
prior to transmission on the network and as temporary stor- 
age of all received data packets directed to the particular 
node. The size of the buffer can be as large as 2K byte loca- 
tions providing four pages at a maximum of 512 bytes per 
page. For packet lengths smaller than 256 bytes, a 1K RAM 
buffer can be used to provide four pages of storage. In this 
case address line IA8 (sourced from either the COM 9026 
or the processor) should be left unconnected. Since four 
pages of RAM buffer are provided, both transmit and receive 
operations can be double buffered with respect to the pro- 
cessor. For instance, after one data packet has been loaded 
into a particular page within the RAM buffer and a transmit 
command for that page has been issued, the processor can 
start loading another page with the next message in a multi- 
message transmission sequence. Similarly, after one mes- 
sage is received and completely loaded into one page. of 
the RAM buffer by the COM 9026, another receive com- 
mand can be issued to allow reception of the next packet 
while the first packet is read by the processor. In general, 
the four pages in the RAM buffer can be used for transmit 
or receive in any combination. In addition, the processor 


will also use the interface bus (IA10-IA8, IAD7-IADO) when 
performing I/O access cycles (status reads from the COM 
9026 or command writes to the COM 9026). 


To accomplish this double buffering scheme, the RAM buffer 
must behave as a dual port memory. To allow this RAM to 
be a standard component, arbitration and control on the 
interface bus (1A10-IA8, [AD7-IADO) is required to permit 
both the COM 9026 and the processor access to the RAM 
buffer and, at the same time, permit all processor I/O oper- 
ations to or from the COM 9026. 


Processor access cycle requests begin on the trailing edge 
of AS if either IOREQ or MREQ is asserted. These access 
cycles run completely asynchronous with respect to the COM 
9026. Because of this, upon processor access cycle 
requests, the COM 9026 immediately puts the processor 
into a wait state by asserting the WAIT output. This gives 
the COM 9026 the ability to synchronize and control the 
processor access cycle. When the processor access cycle 
is synchronized by the COM 9026, the WAIT signal is even- 
tually removed allowing the processor to complete its cycle. 


For processor RAM buffer access cycles, AIE and ADIE 
enable the processor address captured during AS time onto 
the interface address bus (IA10-IA8, [AD7-IADO). The sig- 
nal L will capture the 8 least significant bits of this address 
(appearing on IAD7-IADO) before the data is multiplexed 
onto it. At the falling edge of L, a stable address is pre- 
sented to the RAM buffer. For read cycles, OE allows the 
addressed RAM buffer data to source the interface address/ 
data bus (IAD7-IAD0). In figure 2, this information is passed 
into a transparent latch gated with WAIT. At the falling edge 
of WAIT, the data accessed by the processor is captured 
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and driven out via the logic function RD anded with REQ. 
For processor I/O read cycles from the COM 9026, ADIE 
and AIE are used to enable the processor address into the 
COM 9026. Data out of the COM 9026 is gated through the 
transparent latch and appears on the processor's data bus 
with the same control signals used for RAM read cycles. 


For processor write cycles, after the falling edge of L, the 
COM 9026 produces a WE (write enable) output to the RAM 
buffer, and the ILE output from the COM 9026 allows the 
processor data to source the interface address/data bus 
(IAD7-IADO). At this time the COM 9026 waits for DWR 
before concluding the cycle by removing the WAIT output. 
DWR should only be used if the processor cannot deliver 
the data to be written in enough time to satisfy the write setup 
time requirements of the RAM buffer. By delaying the acti- 
vation of DWR, the period of the write cycle will be extended 
until the write data is valid. Since the architecture and oper- 
ation of the COM 9026 requires periodic reading and writ- 
ing of the RAM buffer in a timely manner, helding the DWR 
input off for a long period of time, or likewise by running the 
processor at a slow speed, can result in a data overflow 
condition. It is therefore recommended that if the processor 
write data setup time to the RAM buffer is met, then the DWR 
input should be grounded. 


For processor I/O write cycles to the COM 9026, ADIE and 
AlE are used to enable the processor's address onto the 
interface data bus. ILE is used to enable the processor's 
write data into the COM 9026. Delaying the activation of 

















DWR will hold up the COM 9026 cycle requiring the same 
precautions as stated for Processor RAM Write cycles. 


As stated previously, processor requests occur at the fall- 
ing edge of AS if either IOREQ or MREQ are active. COM 
9026 requests occur when the transmitter or receiver need 
to read or write the RAM buffer in the course of executing 
the command. If the COM 9026 requests a bus cycle at the 
same time as the processor, or shortly after the processor, 
the COM 9026 cycle will follow immediately after the pro- 
cessor cycle. Figure 4 illustrates the timing relationship of 
a Processor RAM Read cycle followed by a COM 9026 RAM 
read cycle. Once the AS signal captures the processor 
address to the RAM buffer and requests a bus cycle, it takes 
4 CLK periods for the processor cycle to end. Figure 4 breaks 
up these 4 CLK periods into 8 half clock interval labeled 1P 
through 8P A COM 9026 access cycie will take 5 CLK periods 
to end. Figure 4 breaks up these 5 CLK periods into 10 half 
intervals labeled 1C through 10C. 





If a processor cycle request occurs after a COM 9026 request 
has already been granted, the COM 9026 cycle will occur 
first, as shown in figure 5. Figure 5 illustrates the timing 
relationship of a COM 9026 RAM Write cycle followed by a 
Processor RAM Write cycle. Due to the asynchronous nature 
of the bus requests (AS and CLK), the transition from the 
end of the COM 9026 cycle to the beginning of the proces- 
sor cycle might have some dead time. Refering to figure 5, 
if AS falling edge occurs after the start of half CLK interval 
9C, no real contention exists and it will take between 200 
and 500 nanoseconds before the processor cycle can start. 
The start of the processor cycle is defined as the time when 
the COM 9026 produces a leading edge on both ADIE and 
AIE. If the processor request occurs before the end of half 
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CLK interval 5C (figure 5 illustrates this situation), then the 
processor cycle will always start at half CLK interval 1P. The 
uncertainty is introduced when the processor request occurs 
during half CLK intervals 6C, 7C or 8C. In this case, the 
processor cycle will start between 200 and 500 nanose- 
conds later depending on the particular timing relation 
between AS and CLK. The maximum time between pro- 
cessor request and processor cycle start, which occurs when 
the processor request comes just after a COM 9026 request, 
is 1300 nanoseconds. It should be noted that all times 
specified above assume a nominal CLK period of 200 
nanoseconds. 

Figures 6 and 7 illustrate timing for Processor Read COM 
9026 and Processor Write COM 9026 respectively. These 
cycles are also shown divided into 8 half clock intervals (1P. 
through 8P) and can be inserted within figures 4 and 5 if 
these processor cycles occur. 


POWER UP AND INITIALIZATION 
The COM has the following power up requirements: 


1—The POR input must be active for at least 100 
milliseconds. 
2—The CLK input must run for at least 10 clock cycles before 
the POR input is removed. 
3—While POR is asserted, the CA input may be running or 
held high. If the CA input is running, POR may be 
released asynchronously with respect to CA. If the CA 
input is held high, POR may be released before CA 
begins running. 
During POR the status register will assume the following 
state: 
BIT 7 (RI) set to a logic “1”. 
BIT 6 (ETS2) not affected 
BIT 5 (ETS1) not affected 
BIT 4 (POR) set to a logic “1”. 
BIT 3 (TEST) set to a logic “O”. 
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FIGURE 6—PROCESSOR READ COM 9026 


BIT 2 (RECON) set to a logic “O”. 
BIT 1 (TMA) set to a logic “O”. 
BIT 0 (TA) set to a logic “1”. 


In addition the DSYNC output is reset inactive high and the 
interrupt mask register is reset (no maskable interrupts 
enabled). Page 00 is selected for both the receive and the 
transmit RAM buffer. After the POR signal is removed, the 
COM 9026 will generate an interrupt from the nonmaskable 
Power On Reset interrupt. The COM 9026 will start oper- 
ation four CA clock cycles after the POR signal is removed. 
At this time, the COM 9026, after reading its ID from the 
external shift register, will execute two write cycles to the 
RAM buffer. Address 00 HEX will be written with the data 
D1 HEX and address 01 HEX will be written with the ID 
number as previously read from the external shift register. 
The processor may then read RAM buffer address 01 to 
determine the COM 9026 ID. It should be noted that the data 
pattern D1 written into the RAM has been chosen arbitrar- 
ily. Only if the D1 pattern appears in the RAM buffer can 
proper operation be assured. 


CLOCK GENERATOR 


The COM 9026 uses two separate clock inputs namely CA 
and CLK. The CLK input is a 5 MHz free running clock and 
the CA input is a start/stop clock periodically stopped and 
started to allow the COM 9026 to synchronize to the incom- 
ing data that appears on the RX input. 


Figure 9 illustrates the timing of the CA clock generator and 
its relationship to the DSYNC output and the RX input. The 
DSYNC output is used to control the stopping of the CA clock. 
On the next rising edge of the CA input after DSYNC is 
asserted, CA will remain in the high state. The CA clock 
remains halted in the high state as long as the RX signal 
remains high. When the RX signal goes low, the CA clock 
is restarted and remains running until the next falling 
edge of DSYNC. (See figure 20 for an implementation of 
this circuit.) 
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FIGURE 9—-CA CLOCK GENERATOR TIMING 





EXTENDED TIMEOUT FUNCTION 


There are three timeouts associated with the COM 9026 
operation. 


Response Time 

This timeout is equal to the round trip propagation delay 
between the 2 furthest nodes on the network plus the max- 
imum turn around time (the time it takes a particular COM 
9026 to start sending a message in response to a received 
message) which is known to be 12 microseconds. The round 
trip propagation delay is a function of the transmission media 
and network topology. For a typical system using RG62 coax 
in a baseband system, a one way cable propagation delay 
of 31 microseconds translates to a distance of about 4 miles. 
The flow chart in figure 3 uses a value of 74.7 microsec- 
onds (31+31+12+margin) to determine if any node 
will respond. 


Idie Time 

This time is associated with a NETWORK RECONFIGUR- 
ATION. Refering to figure 3, during a NETWORK RE- 
CONFIGURATION one node will continually transmit INVI- 
TATIONS TO TRANSMIT until it encounters an active node. 
Every other node on the network must distinguish between 
this operation and an entirely idle line. During NETWORK 
RECONFIGURATION, activity will appear on the line every 
78 microseconds. This 78 microsecond is equal io the 
response time of 74.7 microseconds plus the time it takes 
the COM 9026 to retransmit another message (usually 
another INVITATION TO TRANSMIT). The actual timeout 
is set to 78.2 microseconds to allow for margin. 


Reconfiguration Time 


if any node does not receive the token within this time, the 
node will initiate a NETWORK RECONFIGURATION 


The ET2 and ET1 inputs allow the network to operate over 
ionger distances than the 4 miles stated earlier. DC levels 
on these inputs control the maximum distances over which 
the COM 9026 can operate by controlling the 3 timeout val- 
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and reconfiguration time as a function of the ET2 and ET1 
inputs. The idle time will always be equal to the response 
time plus 3.5 microseconds. It should be noted that for proper 
network operation, all COM 9026’s connected to the same 
network must have the same response time, idle time and 
reconfiguration time. 
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TABLE 1 


COM 9026 INTERNAL PROGRAMMABLE 
TIMER VALUES 


VO COMMANDS 


VO commands are executed by activating the IOREQ input. 
The COM 9026 will interrogate the ADO and the R/W inputs 
at the AS time to execute commands according to the fol- 
lowing table: 


low low | low vente interrupt mask | 
low | low high | read status register 

low | high} low |write COM 9026 command 

low __| high | high |reserved for future use 


READ STATUS REGISTER 


Execution of this command places the contents of the sta- 
tus register on the data bus (AD7-ADO) during the read por- 
tion of the processor's read cycle. The COM 9026 status 
register contents are defined as follows: 

BIT 7—Receiver inhibited (Rl)—This bit, if set high, indi- 
cates that a packet has been deposited into the RAM 
buffer page nn as specified by the last ENABLE 
RECEIVE TO PAGE nn command. The setting of 
inis bit Can Cause an interrupt via INTRA if enabied 
during a WRITE INTERRUPT MASK command. No 
messages will be received until an ENABLE 
RECEIVE TO PAGE nn command is issued. After 
any message is received, the receiver is automat- 


inalhs infiilbnitnd bus antiinan thin hi tA mn lamin awn 


iCany it biwitou vy oct ty vuHS bit wa lye Ur iG. 
BIT 6—Extended Timeout Status 2 (ETS2)—This bit re- 
flects the current logic value tied to the ET2 input pin 
in 1). 
BIT 5—Extended Timeout Status 1 (ETS1)—This bit re- 
flects the current logic value tied to the ET1 input pin 
(pin 3). 





BIT 4—Power On Reset (POR)—This bit, if set high, indi- 
cates that the COM 9026 has received an active 
signal on the POR input (pin 40). The setting of this 
bit will cause a nonmaskable interrupt via INTR. 

BIT 3—Test (TEST)—This bit is intended for test and diag- 
nostic purposes. It will be a logic zero under any 
normal operating conditions. 

BIT 2—Reconfiguration (RECON)—This bit, if set high, 
indicates that the reconfiguration timer has timed 
out because. the RX input was idle for 78.2 micro- 
seconds. The setting of this hit can cause an inter- 
rupt via INTR if enabled by the WRITE INTERRUPT 
MASK command. The bit is reset low during a 
CLEAR FLAGS command. 

BIT 1—Transmit Message Acknowledged (TMA)—This bit, 
if set high, indicates that the packet transmitted as 
a result of an ENABLE TRANSMIT FROM PAGE 
nn command has been positively acknowledged. 
This bit should only be considered valid after the 
TA bit (bit 0) is set. Broadcast mesages are never 
acknowledged. 

BIT O—Transmitter Available (TA)—This bit, if set high, 
indicates that the transmitter is available for trans- 
mitting. This bit is set at the conclusion of a ENA- 
BLE TRANSMIT FROM PAGE nn command or upon 
the execution of a DISABLE TRANSMITTER com- 
mand. The setting of this bit can cause an interrupt 
via INTR if enabled by the WRITE INTERRUPT 
MASK command. 


WRITE INTERRUPT MASK 


The COM 9026 is capable of generating an interrupt signal 
when certain status bits become true. A write to the MASK 
register specifies which status bits can generate the inter- 
rupt. The bit positions in the MASK register are in the same 
position as their corresponding status bits in the STATUS 
register with a logic one in a bit position enabling the cor- 
responding interrupt. The setting of the TMA, EST1, and 
EST2 status bits will never cause an interrupt. The POR 
status bit will cause a non-maskable interrupt regardless of 
the value of the corresponding MASK register bit. The MASK 
register takes on the following bit definition: 


BIT7 BIT6 BITS BIT4 BIT3 BiT2~ BIT1 BITO 
RECEIVE RECON TRANSMITTER 
INHIBIT | XXX | XXX | XXX | XXX { TIMER | XXX | AVAILABLE 


The three maskable status bits are anded with their respec- 
tive mask bits, and the results, along with the POR status 
bit, are or’ed to produce the processor interrupt signal INTR. 
This signal returns to its inactive low state when the inter- 
rupting status bit is reset to a logic “0” or when the corre- 
sponding bit in the MASK register is reset to a logic “0”. To 
clear an interrupt generated as a result of a Power On Reset 
or Reconfiguration occurance, the CLEAR FLAGS com- 
mand should be used. To clear an interrupt generated as a 
result of a completed transmission (TA) or a completed 
reception (RI), the corresponding masks bits should be reset 
to a logic zero. 


WRITE COM 9026 COMMANDS 


Execution of the following commands are initiated by performing a processor I/O write with the written data defining the 


following commands: 


WRITTEN DATA COMMAND 


00000000 
00000001 


00000010 


000nn011 


reserved for future use 


DISABLE TRANSMITTER—This command will cancel any pending transmit command 
(transmission has not yet started) when the COM 9026 next receives the token. This com- 
mand will set the TA (Transmitter Available) status bit when the token is received. 
DISABLE RECEIVER—This command will cancel any pending receive command. If 
the COM 9026 is not yet receiving a packet, the RI (Receiver Inhibited) bit will be set 
the next time the token is received. If packet reception is already underway, reception 
will run to its normal conclusion. 

ENABLE TRANSMIT FROM PAGE nn—This command prepares the COM 9026 to 
begin a transmit sequence from RAM buffer page nn the next time it receives the 
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token. When this command is loaded, the TA and TMA bits are set to a logic “O”. The 
TA bit is set to a logic one upon completion of the transmit sequence. The TMA bit will 
have been set by this time if the COM 9026 has received an acknowledgement from 
the destination COM 9026. This acknowledgement is strictly hardware level which is 
sent by the receiving COM 9026 before its controlling processor is even aware of 
message reception. It is also possible for this acknowledgement to get lost due to line 
errors, etc. This implies that the TMA bit is not a guarantee of proper destination 
reception. Refer to figure 3 for details of the transmit sequence and its relation to the 
TA and TMA status bits. 


ENABLE RECEIVE TO PAGE nn—This command allows the COM 9026 to receive 
data packets into RAM buffer page nn and sets the RI status bit to a logic zero. If “b” 
is a logic “1”, the COM 9026 will also receive broadcast transmissions. A broadcast 
transmission is a transmission to ID zero. The RI status bit is set to a logic one upon 
successful reception of a message. 


DEFINE CONFIGURATION—If c is a logic “1”, the COM 9026 will handle short as 
well as long packets. If c is a logic “0”, the COM 9026 will only handle shert packets 
(less than 254 bytes). 

CLEAR FLAGS—If p is a logic “1” the POR status flag is cleared. If ris a logic “!”, the 
RECON status flag is cleared. 


b00nn100 








0000c101 

















000rp110 











All other combinations of written data are not permitted and can result in incorrect chip and/or network operation. 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ............ cece eee ce enn enna een ete n eee tenet nent tane Oto 70°C 
Storage Temperature Range ............ 2. 0c eee e ccc ee cec ee tt eee en en been eee eee ete eeeeeeeseeeeeeres — 55 to 150°C 
Lead Temperature (Soldering, 10 seconds) ........... 0.0. e cece cence ten eee e eee nett eennaeees + 325°C 
Positive Voltage ONAN PIM isis secs oe sex be he Paes Wi 0 ek ceased Rind Bin NR Ciala Glk Ve oealac pad W obecens Sebo we a ate PAH ETRE +8V 
Negative Voltage on any pin, with respect to ground .... 0.0... ccc cece tcc tet teeter etree etn eeenes —0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or any other condition above those indicated in the operational sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not 
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power 
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. If this possibility exists, it is 
suggested that a clamp circuit be used. 


DC ELECTRICAL CHARACTERISTICS (T, =0°C to 70°C, Vo, =5.0V + 5%) 




















PARAMETER 


V,. input low voltage 
Vin, input high voltage 1 
Vine input high voltage 2 
Vo, output low voltage 1 
Voz Output low voltage 2 
Von output high voltage (1) 
|, input leakage current 
Cy input capacitance 

C,, data bus capacitance 
all other capacitance 
power supply current 





COMMENTS 


except CA and CLK 
for CA or CLK 

lo = 1.6 ma 

ln. =2.0 ma 
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FIGURE 20—TYPICAL CLOCK GENERATOR CIRCUITRY 
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AC ELECTRICAL CHARACTERISTICS (T, =0° to 70°C, V.~ =5.0V +5%) 








PARAMETER | MIN | Typ | MAX | UNITS | COMMENTS 
tew, CLK pulse width 65 ns 
teen, CLK period 190 200 600 ns 
tore, CLK off time 65 ns 
tewe CApulse width 60 ns 
teenr CA period 190 ns 
torre CA off time 60 100 300 ns 
tz CLK, CArise time 20 ns 
t- CLK, CA fall time 20 ns 
t, width of addr. strobe 50 ns 
t, REQ output delay 0 100 ns 
t; | WAIT assertion delay 0 200 ns 
t, delay to rising edge 
of processor cycle tp 2t.+ 100 ns te = trea i 
t; data hold into COM 9026 80 ns = 
ts setup COM 9026 data out 60 ns =) 
t, | WEdelay from CLK 0 100 ns & 
t, | TXondelay from CA 10 150 ns a 
falling edge 
t, TXoffdelay fromCA 10 150 ns 
rising edge 
tt. AS period 7/2 tp ns tp = teens 
t,, . DSYNC delay from CA 10 150 ns 
rising edge 
ti. delay to wait off 20 100 ns 
t DWR setup time 50 ns 
t,, ILE delay from CLK 10 100 ns 
t,, | processor addr. setup from ADIE, 50 ns 
tis | processor command setup time 125 ns 
tz | addr. enable setup time to L 50 ns 
t,, addr. hold time from L 50 ns 
ti. strobe and data hold for read 20 ns 
tz AD bus Hl impedance to OEs 0 ns 
t, delay of IDLD from CLK rising edge 0 120 ns 
t. delay of IDDAT from CLK rising edge 0 50 ns 
ts off delay from CLK rising edge 0 100 ns 
t, addr. to RAM data valid 300 ns 
t; | OE setup to WAIT falling edge 140 ns 
te strobe & data hold for write 50. ns 
t, addr. enable setup to WAIT 300 ns 
tg ADIE to OE delay 40 ns 
tt COM 9026 write data hold time 80 ns 
t, OE to RAM data valid 0 140 ns 
tf, | status setup to AS falling edge 50 ns 
t,. status hold from AS falling edge 50 ns 
tas RX setup to CA rising edge 80 ns 
ta, RXhold time from CA rising edge 30 ns 
t;, POR active time 100 ms after V.. has been stable 


for time t,;, the minimum 
POR active time is 
10 cycles of CLK. 


The above timing information is valid for a worst case 40% to 60% duty cycle on CLK. All times are measured from the 50% point of 
the signals. 
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FIGURE 12—TRANSMIT AND RECEIVE TIMING 
FIGURE 13—PROCESSOR WRITE RAM AC TIMING | 
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FIGURE 16—COM 9026 WRITE RAM AC TIMING 
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STANDARD MICROSYSTEMS 
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FIGURE 18—-PROCESSOR WRITE COM 9026 AC TIMING 
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FIGURE 19—ID INPUT AC TIMING 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequenily complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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‘1)May be custom mask programmed 





All Baud Rate Generators are programmable 
dividers capable of providing 16 output frequen- 
cies* for UARTs or USARTs from either an on-chip 
crystal oscillator or an external frequency input. 
“T” versions utilize an external frequency input 
only. Dual Baud Rate Generators provide two out- 


*except as noted 
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Baud Rate Generator 


put frequencies simultaneously for full duplex 
communications. 

Baud Rate Generators providing all standard baud 
rates from various popular crystal frequencies are 
available. In addition the baud rate generator may 
be custom mask programmed for other divisors. 
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STANDARD MICROSYSTEMS COM 5016 


SS COM 5016T 


Dual Baud Rate Generator 


Programmable Divider 




















FEATURES PIN CONFIGURATION 
[|] On chip crystal oscillator or external 
frequency input XTAL/EXT1 1 18 XTAL/EXT2 
1 Choice of 2 x 16 output frequencies 4+5y 2 17 f, 
(] 16 asynchronous/synchronous baud rates £3 16 T, 
_] Direct UART/USRT/ASTRO/USYNRT i 
compatibility Ra 4 15 Ts 
(_j Full duplex communication capability R;, 5 14 Te 
[| TTL, MOS compatibility R. 6 13 T, 


Ry 7 12 STT 
STR 8 11 GND 
+12v 9 10 NC 





BLOCK DIAGRAM 


FREQUENCY 


REPROGRAMMABLE 
D-LATCH S he: = FREQUENCY SELECT 
CONTROL ROM 


XTALIEXT1 DIVIDER e f, 


—_ _ : 
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FREQUENCY REPROGRAMMABLE 
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ROM 
CONTROL 2 


+5V GND +12V 
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General Description 


The Standard Microsystems COM 5016 Dual Baud Rate Generator/Programmable Divider is an N-channel 
COPLAMOS® MOSILSI device which, from a single crystal (on-chip oscillator) or input frequency is capable of generating 32 
externally selectable frequencies. 


The COM 5016 is specifically dedicated to generating the full spectrum of 16 asynchronous/synchronous data communi- 
cation frequencies as shown in Table 1. One of the sixteen output frequencies is externally selected by four address inputs, 
on each of the independent dividers, as shown in Table 1. 


Internal re-programmable ROM allows the generation of other frequencies from other crystal frequencies or input 
frequencies. The four address inputs on each divider section may be strobe (150ns) or DC loaded. As the COM 5016 is a dual 
baud rate generator, full duplex (independent receive and transmit frequencies) operation is possible. 


The COM 5016 is basically a programmable 15-stage feedback shift register capable of dividing any modulo up to 
(215-1). 


By using one of the frequency outputs it is possible to generate additional divisions of the master clock frequency by 
cascading COM 5016's. The frequency output is fed into the XTAL/EXT input on a subsequent device. In this way one crystal 
or input frequency may be used to generate numerous output frequencies. 


The COM 5016 can be driven by either an external crystal or TTL logic level inputs; COM 5016T is driven by TTL logic 
level inputs only. 









Description of Pin Functions 


Function 





















XTAL/EXT1 Crystal! or This input is either one pin of the crystal package or one polarity 
External Input 1 | of the external input. 
Vec Power Supply 
fr Receiver Output | This output runs at a frequency selected by the Receiver divisor 
Frequency select data bits. 


R,, Rg, Rc, Rp |Receiver-Divisor 
Select Data Bits 
Strobe-Receiver 


The logic level on these inputs, as shown in Table 1, selects the 
receiver output frequency, fp. 

A high level input strobe foads the receiver data (R,, Rs, Rc, Rp) into 
the receiver divisor select register. This input may be strobed or 
hard-wired to a high level. 


STR 








Power Supply | +12 volt supply 
NC No Connection 
GND Ground Ground 
A high level input strobe loads the transmitter data (T,, T;, T-, Tp) 


Transmitter 


12 STT | Strobe- 
into the transmitter divisor select register. This input may be 


| strobed or hard-wired to a high level. 








+5 volt supply 


| 18-16 (Tp, Tc, Ta TA] Pransmitter- The iogic ievei on these inputs, as shown in Table 1, selects the 
Divisor transmitter output frequency, fj. 
Select Data Bits 
17 f; Transmitter This output runs at a frequency selected by the Transmitter divisor 
Output select data bits. 
Frequency 








18 | XTAL/EXT2 





Crystal or This input is either the other pin of the crystal package or the 
External Input 2 | other polarity of the external input. 





For electrical characteristics, see page 217. 
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STANDARD MICROSYSTEMS COM 5026 


Baud Rate Generator 


Programmable Divider 


FEATURES PIN CONFIGURATION | 
1] On chip crystal oscillator or external 
frequency input 

_] Choice of 16 output frequencies XTAL/EXT1 14 four 
_] 16 asynchronous/synchronous baud rates 
[] Direct UART/USRT/ASTRO/USYNRT ATOEENTZ ee 

~ compatibility +5v 12 B 
(] TTL, MOS compatibility NC 41C 


10 D 
NC 9 ST 
8 NC 





BLOCK DIAGRAM 


REPROGRAMMABLE 
FREQUENCY SELECT 


ROM 


XTAL/EXT1 
XTAL DIVIDER 
CLOCK 


BUFFER 


\ 


+5V GND +12V 
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GENERAL DESCRIPTION 


The Standard Microsystems COM 5026 Baud Rate Generator/Programmable Divider is an N-channel COPLAMOS® 
MOS/LSI device which, from a single crystal (on-chip oscillator) or input frequency is capable of generating 16 externally 
selectable frequencies. 


The COM 5026 is specifically dedicated to generating the full spectrum of 16 asynchronous/synchronous data communi- 
cation frequencies as shown in Table 1. One of the sixteen output frequencies is externally selected by four address inputs, 
as shown in Table 1. 


internal re-programmable ROM allows the generation of other frequencies from other crystal frequencies or input 
frequencies. The four address inputs may be strobe (150ns) or DC loaded. 


The COM 5026 is basically a programmable 15-stage feedback shift register capable of dividing any modulo up to (215-1). 
By using the frequency output, it is possible to generate additional divisions of the master clock frequency by 


cascading COM 5026's. The frequency output is fed into the XTAL/EXT input on a subsequent device. In this way one crystal or 
input frequency may be used to generate numerous output frequencies. 


The COM 5026 can be driven by either an external crystal or TTL logic level inputs; COM 5026T is driven by TTL logic level 
inputs only. 










Description of Pin Functions 


Function 












XTAL/EXT1 Crystal or 


External Input 1 


This input is either one pin of the crystal package or one polarity 
of the external input. 











XTAL/EXT2 Crystal or 


External Input 2 


This input is either the other pin of the crystal package or the 
other polarity of the external input. 
















Power Supply +5 volt Supply 
NC No Connection 
GND | Ground Ground 
| Vop | Power Supply | +12 volt Supply 
9 ST | Strobe A nigh-ievei sirobe ioads tne input Adaress (Aa, As, Ac, Ac} 
| | | into the Input Address register. This input may be strobed or 
| hard wired to a high-level, 
| 10-13 Ao. Ac. As. Aa | Input Address | The logic level on these inputs. as shown in Table 1, selects 
the output frequency. 
14 four Output This output runs at a frequency as selected by the Input Address. 
Frequency 








For electrical characteristics, see page 217. 
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STANDARD MICROSYSTEMS COM 5036 


Dual Baud Rate Generator 


Programmable Divider 


FEATURES PIN CONFIGURATION 

(] On chip crystal oscillator or external 
frequency input XTAL/EXT1 18 XTAL/EXT2 

(1 Choice of 2 x 16 output frequencies +5v 17 f; 

_[) 16 asynchronous/synchronous baud rates a 16 T, 

[| Direct UART/USRT/ASTRO/USYNRT = 
compatibility Ra 15 T, = 

Full duplex communication capability Re 14 T. 5 

(| High frequency reference output Ro 13 T, n 











TTL, MOS compatibility R 42 STT 
‘ D 


11 GND 
10 fx/4 








‘BLOCK DIAGRAM 


REPROGRAMMABLE 
oer ae FREQUENCY SELECT 


OM 


XTAL/EXT1 DIVIDER 


XTAL EXT2 DIVIDER 


REPROGRAMMABLE 


FR' NCY SELECT 
D-LATCH is. ESUE 
ND 
ROM 


+5v GND +12v 
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General Description 


The Standard Microsystems COM 5036 Dual Baud Rate Generator/Programmable Divider is an N-channe! COP- 
LAMOS® MOSI/LSI device which, from a single crystal (on-chip oscillator) or input frequency is capable of generating 32 
externally selectable frequencies. 


The COM 5036 is specifically dedicated to generating the full spectrum of 16 asynchronous/synchronous data communi- 
cation frequencies as shown in Table 1. One of the sixteen output frequencies is externally selected by four address inputs, 
on each of the independent dividers, as shown in Table 1. 


Internal re-programmable ROM allows the generation of other frequencies from other crystal frequencies or input 
frequencies. The four address inputs on each divider section may be strobe (150ns) or DC loaded. As the COM 5036 is a dual 
baud rate generator, full duplex (independent receive and transmit frequencies) operation is possible. 


The COM 5036 is basically a programmable 15-stage feedback shift register capable of dividing any modulo up to 
(215~1). 

By using one of the frequency outputs it is possible to generate additional divisions of the master clock frequency by 
cascading COM 5036's. The frequency output is fed into the XTAL/EXT input on a subsequent device. In this way one crystal 
or input frequency may be used to generate numerous output frequencies. 


The COM 5036 can be driven by either an external crystal or TTL logic level inputs; COM 5036T is driven by TTL logic 
level inputs only. 


The COM 5036 provides a high frequency reference output at one-quarter (1/4) the XTAL/EXT input frequency. 





Description of Pin Functions 


Pin No. PinNo| Symbol [Name [Function | Symbol | Name | Function 


1 XTAL/EXT1 | Crystal or This Le ee is either one pin of the crystal package or one polarity 
extemal Input 1 | of the external input. 


2 Vec Power Supply +5 volt supply 
3 fr Receiver Output | This output runs at a frequency selected by the Receiver divisor 
Frequency select data bits. 


The logic level on these inputs, as shown in Table 1, selects the 
receiver output frequency, fp. 

A high level input strobe loads the receiver data (R,, Rs, Rc, Rp) into 
the receiver divisor select register. This input may be strobed or 
hard-wired to a high level. 


4-7 |Ra, Rs, Rc, Rp| Receiver-Divisor 
Select Data Bits 


8 STR Strobe-Receiver 





9 Vop Power Supply | +12 volt supply 

10 f,/4 y/4 Y% crystal/clock frequency reference output. 

i1 GND Ground Ground 

12 STT Strobe- A high level input strobe loads the transmitter data (T,, Ts, Tc, Tp) 


into the transmitter divisor select register. This input may be 
strobed or hard-wired to a high level. 

The logic level on these inputs, as shown in Table 1, selects the 
transmitter output frequency, f;. 


| Transmitter 





13-16 | Tp, Tc, Te, T,| 9 Transmitter- 
Divider 


| Select Data Bits 

















17 f; Transmitter This output runs at a frequency selected by the Transmitter divisor 
Output select data bits. 
Frequency 
18 | XTAL/EXT2 Crystal or This input is either the other pin of the crystal package or the 
External Input 2 | other polarity of the external input. 














For electrical characteristics, see page 217. 
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STANDARD MICROSYSTEMS COM 5046 


Baud Rate Generator 


Programmable Divider 


FEATURES PIN CONFIGURATION 

C] On chip crystal oscillator or external 
frequency input 

C1 Choice of 16 output frequencies XTAL/EXT1 1 14 four 

(J 16 asynchronous/synchronous baud rates 


(J Direct UART/USRT/ASTRO/USYNRT SIALIEXTS 2 1s 
compatibility +5v 3 12 B 
C] High frequency reference output NC 4 11C 





CJ TTL, MOS compatibility GND 5 10 D 


NC 6 9 ST 
+12v 7 8 fx/4 





BLOCK DIAGRAM 


REPROGRAMMABLE 
FREQUENCY SELECT 


ROM 


XTAL DIVIDER 
CLOCK 


BUFFER 


+5v GND +12v — 
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GENERAL DESCRIPTION 


The Standard Microsystems COM 5046 Baud Rate Generator/Programmable Divider is an N-channel COPLAMOS® 
MOS/LSI device which, from a single crystal (on-chip oscillator) or input frequency is capable of generating 16 externally 
selectable frequencies. 


The COM 5046 is specifically dedicated to generating the full spectrum of 16 asynchronous/synchronous data communi- 
cation frequencies as shown in Table 1. One of the sixteen output frequencies is externally selected by four address inputs; 
as shown in Table 1. 


Internal re-programmable ROM allows the generation of other frequencies from other crystal frequencies or input 
frequencies. The four address inputs may be strobe (150ns) or DC loaded. 


The COM 5046 is basically a programmable 15-stage feedback shift register capable of dividing any modulo up to 
(215-1). 


By using the frequency output, it is possible to generate additional divisions of the master clock frequency by cascading 
COM 5046's. The frequency output is fed into the XTAL/EXT input on a subsequent device. In this way one crystal or input 
frequency may be used to generate numerous output frequencies. 


The COM 5046 can be driven by either an external crystal or TTL logic level inputs; COM 5046T is driven by TTL logic 
level inputs only. 


The COM 5046 provides a high frequency reference output at one-quarter (1/4) the XTAL/EXT input frequency. 


| Description of Pin Functions | 












Function 

















XTAL/EXT1 Crystal or | This input is either one pin of the crystal package or one polarity 
External Input 1 | of the external input. 
2 XTAL/EXT2 Crystal or This input is either the other pin of the crystal package or the 
External Input 2 other polarity of the external input. 
3 Vcc Power Supply +5 volt Supply. 
4,6 NC No Connection 
5 GND Ground Ground 
7 Vop | Power Supply | +12 volt Supply. 
8 fer | Reference | High frequency reference output @ (1/4) fin 
| Frequency | 
9 ST | Strobe | A high-level strobe loads the Input Address (Aa, As, Ac, Ap) 
into the input Address register. This input may be strobed or 
| | hard wired to a high-level, 
{0-13 Ao, Ac, As. Aa | inpui Address The iogic ievei on these inputs. as snown in Tabie 7, seiects 
the output frequency. 
14 four Output This output runs at a frequency as selected by the Input Address. 
Frequency 


For electrical characteristics, see page 217. 
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ELECTRICAL CHARACTERISTICS COM5016, COM5016T, COM5026, COM5026T, 


COM5036, COM5036T, COM5046, COM5046T 
MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ....... 0.0... e cree eee e es OFC to + 70°C 
Storage Temperature Range ......... 0... eee eben teen ee eee —55°C to + 150°C 
Lead Temperature (soldering, 10 S€C.) 0... cent et bene een e ens +325°C 
Positive Voltage on any Pin, with respectto ground ............ 0.0.02. ccc ccc tee beeen eee +18:0V 
Negative Voltage on any Pin, with respect to ground .... 6.6... nce ees -0.3V 


“Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 


ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vec=+5V+5%, Von=+12V+5%, unless otherwise noted) 





Parameter Min. Typ. Max Unit Comments 
D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 
Low-level, Vit 0.8 V excluding XTAL inputs 
High-level, Vin 2.0 Vcc V 
OUTPUT VOLTAGE LEVELS 
Low-level, Vot 0.4 V lo. = 1.6ma 
0.5 V lo. = 3.2ma 
High-level, Vou Vec—1.5 4.0 Vv fon = 100unA 
INPUT CURRENT . 
Low-level, li 0.3 mA Vin = GND, excluding XTAL inputs 
INPUT CAPACITANCE 
All inputs, Cin 5 10 pf Vin = GND, excluding XTAL inputs 
EXT INPUT LOAD 8 10 Series 7400 unit loads 
POWER SUPPLY CURRENT 
lec 28 45 mA 
{pp 12 22 mA 
A.C. CHARACTERISTICS Ta = +25°C 
CLOCK FREQUENCY 5.0688 MHz = XTAL, EXT 
PULSE WIDTH 
Clock 50% Duty Cycle +5% 
Strobe 150 DC ns See Note 1. 
INPUT SET-UP TIME 
Address 50 ns See Note 1. 
INPUT HOLD TIME 
Address 50 ns 
STROBE TO NEW FREQUENCY DELAY 3.5 LS = 1/fiy (18) 


Note 1: Input set-up time can be decreased to = Ons by increasing the minimum strobe width by 50ns to a total of 200ns. 


TIMING DIAGRAM 


NOTE 1 Tew* 
Vin 


STROBE (ST) 


Vit 


Vin 


ADDRESS 


Vit 


*Address need only be valid during the last Tew, Min time of the input strobe. 
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Crystal Operation External Input Operation 
COM5016 COM5016/COM5016T 
COM5036 COM5036/COM5036T 


74XX—totem pole or open collector output (external 
pull-up resistor required) 


. Crystal Operation External Input Operation 
COM5026 COM5026/COM5026T 
COM5046 COM5046/COM5046T 


74XX 
TTL 


5.0688 MHz 
crystal 


74XX—totem pole or open collector output (external 
pull-up resistor required) 


For ROM re-programming SMC has a computer program available whereby the customer 
need only supply the input frequency and the desired output frequencies. 
The ROM programming is automatically generated. 





Crystal Specifications Crystal manufacturers (Partial List) 
User must specify termination (pin, wire, other) Northern Engineering Laboratories 
Prefer: HC-18/U or HC-25/U —«- 997 Beloit Street 
Frequency — 5.0688 MHz, AT cut Burlington, Wisconsin 53105 


(414) 763-3591 
Temperature range 0°C to 70°C Bulova Frequency Control Products 


Series resistance <S0N 61-20 Woodside Avenue 
Series Resonant Woodside, New York 11377 
(212) 335-6000 
Overall tolerance + .01% : 
‘ CTS Knights inc. 
or as required 101 East Church Street 


Sandwich, Illinois 60548 
(815) 786-8411 
Crystek Crystals Corporation 
1000 Crystal Drive 
Fort Myers, Florida 33901 
(813) 936-2109 
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APPLICATIONS INFORMATION 


Charge pump techniques 
using the +5 volt power 
supply can be used to 
generate the + 12 volt 
power supply required. 
The + 12 volt power 
supply of figure 1 will 
supply the 22 milli- amps 
that is typically required. 


From Power 
Supply 
When powering this device from laboratory 
or system power supplies, it is important 
that the Absolute Maximum Ratings not be 
exceeded or device failure can result. Some 
power supplies exhibit voltage spikes 
or ‘glitches’ on their outputs when the AC 
power is switched on and off. In addition, 
voltage transients on the AC power line 
may appear on the DC output. For example, 
the bench power supply programmed to 
deliver + 12 volts may have large voltage 
transients when the AC power is switched 
on and Off. If this possibility exists it is 
suggested that the clamp circuit of figure 2 
or a Semtech bi-polarity silicon transient 
suppressor such as the 1N6110 be used. 


*SEMTECH CORPORATION 
652 Mitchel Road 

Newbury Park, California 91320 
213-628-5392 


219 


Figure 1 


[ 


VOLTAGE CHARGE PUMP 
SUPPLY FOR +12v SUPPLY 


Figure 2 


OVER-VOLTAGE 
PROTECTION 
CIRCUIT 


To Chip Power 
Supply Pin 





COM5016, COM5016T, COM5026, COM5026T, 
COM5036, COM5036T, COM5046, COMS046T 


Baud Rate Generator Output Frequency Options 


Table 2. (16X clock) 






Table 1. (16X clock) 


CRYSTAL FREQUENCY = 5.0688 MHz CRYSTAL FREQUENCY = 4.9152 MHz 
Tr’ mit/Receive Theoreticai Actuai Duty Tr'mit/Receive Theoretical Actual Duty 
Address Baud Frequency Frequency Percent Cycle Address Baud Frequency Frequency Percent Cycle 
Cc B A Rate 16X Clock 16X Clock Error % Divisor oO ¢c A Rate 16X Clock 16X Clock Error %  Divisor 
000 0 50 - : 8 KHz _ 50/50 6336 0000 50 0.8.KHz 0.8 KHz _ 50/50 6144 
000 1 75 - _ 50/50 4224 0001 75 1.2 1.2 —_ 50/50 4096 
0 01 0 110 : _ 50/50 2880 001 0 — £110 1.76 1.7589 —0.01 * 2793 
0011 134.5 i .016 50/50 2355 00141 134.5 2.152 2.152 — 50/50 2284 
o 1 0 0 150 2.4 —_ 50/50 2112 0 10 0— 150 2.4 2.4 = 50/50 2048 
o 1 0 1 £300 4, _ 50/50 1056 0 10 1 = £4300 4.8 48 — 50/50 1024 
0 1 #141 #0 600 9. _ 50/50 Oo 1 141 0 + 600 9.6 9.6 ae 50/50 512 
0 141 =1 19. _ 50/50 Oo 141 1 =#1 = «+1200 19.2 19.2 — 50/50 256 
100 0 28. _ 50/50 1 0 0 O 1800 28.8 28.7438 -0.19 ‘ 171 
1001 32. .253 50/50 1 0 0 1 2000 32.0 31.9168 -0.26 50/50 154 
1014 0 38. _ 50/50 1 0 1 0 2400 38.4 38.4 _ 50/50 128 
1 0% 1 57. _ 50/50 1 #0 14 =#14 93600 57.6 57.8258 0.39 7 85 
1 $10 0 76. =~ 50/50 1 1 0 0 4800 76.8 76.8 —_ 50/50 64 
1 $1041 115. _ 50/50 1 $1 0 14 #7200 115.2 114.306 -0.77 = 43 
1141 £40 153. _ 48/52 1 #1 1 #0 9600 1536 153.6 _ 50/50 32 
11494471 307. 3.125 50/50 1 #47 #14 «+1 :°19,200 307.2 307.2 _ 50/50 16 





Table 3. (32X clock) 


CRYSTAL FREQUENCY = 5.0688 MHz 


Tr'mit/Receive Theoretical Actual Duty 
Address Baud Frequency Frequency Percent Cycle 
Cc B A Rate 32X Clock 32X Clock Error % Divisor 


0 1.6 KHz 1.6 KHz 50/50 3168 
75 : 2.4 50/50 2112 
110 50/50 1440 
134.5 * 1177 
150 50/50 1056 
200 50/50 792 
300 50/50 528 
50/50 264 
50/50 
50/50 
50/50 
50/50 


50/50 
5 50/50 


o 


aan inQD0000000 
aa 2 QDO0048-=4=40000 
4+4~OO24~09048=004+~00 
splllirr ii ti tse 
3 

ro 


1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 





OUTPUT FREQUENCY OPTIONS 












Part No. Dash Number 
Tabie 1 Table 2 Table 3 
5016/5016T STD —5 -6 
5026/5026T STD —5 -8 
| 5036/5036T STD NA NIA 


5046/5046T sTo N/A N/A 






*When Duty Cycle is not exactly 50%, itis 50% + 10%. 
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STANDARD MICROSYSTEMS COM 8046 
an COM 8046T 


Baud Rate Generator 


Programmable Divider 


FEATURES PIN CONFIGURATION — 





CI as chip crystal oscillator or external 
requency input 
C1 Single +5v power supply XTAL/EXT1 
C1 Choice of 32 output frequencies XTAL/EXT2 
(] 32 asynchronous/synchronous baud rates + 5v 
( Direct VART/USRT/ASTRO/USYNRT - fx 
compatibility 
C Re-programmable ROM via CLASP® GND 
technology allows generation of other fo/16 
frequencies FENA 
(1 TTL, MOS compatible 
C0 1X Clock via fo/16 output E 
C] Crystal frequency output via fx and fx/4 
outputs 
(1 Output disable via FENA 


BLOCK DIAGRAM 


REPROGRAMMABLE 


FREQUENCY SELECT 
LATCH 
DIVIDER 
~ ROM 
i® 
LOGIC 
XTAL/EXT1 aur 


osc 
ee DIVIDER 
CLOCK 


XTAL/EXT2 BUFFER 


, i 


+5v GND 
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General Description 


The Standard Microsystems COM 8046 is an en- 
hanced version of the COM 5046 Baud Rate 
Generator. It is fabricated using SMC’s patented 
COPLAMOS® and CLASP® technologies and em- 
ploys depletion mode loads, allowing operation from 
a single +5v supply. 


The standard COM 8046 is specifically dedicated to 
generating the full spectrum of 16 asynchronous/ 
synchronous data communication frequencies for 1X, 
16X and 32X UART/USRT/ASTRO/USYNRT devices. 


The COM 8046 features an internal crystal oscillator 
which may be used to provide the master reference 
frequency. Alternatively, an external reference may be 
supplied by applying complementary TTL level sig- 
nals to pins 1 and 2. Parts suitable for use only with an 
external TTL reference are marked COM 8046T. TTL 
outputs used to drive the COM 8046 or COM 8046T 
should not be used to drive other TTL inputs, as noise 
immunity may be compromised due to excessive 
loading. 


The reference frequency (fx) is used to provide two 
high frequency outputs: one at fx and the other at 
fx/4. The fx/4 output will drive one standard 7400 
load, while the fx output will drive two 74LS loads. 


The output of the oscillator/buffer is applied to the 
divider for generation of the output frequency fp. The 
divider is capable of dividing by any integer from 6 


to 2’ + 1, inclusive. If the divisor is even, the output 
will be square; otherwise the output will be high 
longer than it is low by one fx clock period. The output 
of the divider is also divided internally by 16 and made 
available at the f./16 output pin. The fo/16 output will 
drive one and the f, output will drive two standard 
7400 TTL loads. Both the f, and f-./16 outputs can be 
disabled by supplying a low logic level to the FENA 
input pin. Note that the FENA input has an internal 
pull-up which will cause the pin to rise to approx- 
imately Vcc if left unconnected. 


The divisor ROM contains 32 divisors, each 19 bits 
wide, and is fabricated using SMC’s unique CLASP® 
technology. This process permits reduction of turn- 
around-time for ROM patterns. 


The five divisor select bits are held in an externally 
strobed data latch. The strobe input is level sensitive: 
while the strobe is high, data is passed directly 
through to the ROM. Initiation of a new frequency is 
effected within 3.5us of a change in any of the five 
divisor select bits; strobe activity is not required. 
This feature may be disabled through a CLASP® pro- 
gramming option causing new frequency initiation to 
be delayed until the end of the current fo half-cycle 
All five data inputs have pull-ups identical to that 
of the FENA input, while the strobe input has no 
pull-up. 


Description of Pin Functions 















Function 








XTAL/EXT1 Crystal or This input is either one pin of the crystal package or one polarity 

External Input 1 | of the external input. 

2 XTAL/EXT2 Crystal or This input is either the other pin of the crystal package or the other 
External Input 2 | polarity of the external input. 

3 Vec Power Supply +5 volt supply 

4 fy ty Crystal/clock frequency reference output 

5 GND Ground Ground 

6 fo/16 fo/16 1X clock output 

7 FENA Enable A low level at this input causes the f, and f,./16 outputs to be 


held high. An open or a high leve! at the FENA input enables the 
fo and f,/16 outputs. 








8 E E | Most significant divisor select data bit. An open at this input is | 
| equivalent to a logic high. | 
9 NC NC No connection 
10 f,/4 f,/4 Y% crystal/clock frequency reference output. 
11 ST Strobe Divisor seiect data strobe. Data is sampied when this input is high, 
preserved when this input is low. 
12-15 D,C,B,A D,C,B,A Divisor select data bits. A=LSB. An open circuit at these inputs 
is equivalent to a logic high. 
16 fo fo | 16X clock output 





For electrical characteristics, see page 231. 
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STANDARD MICROSYSTEMS COM 8116 


Dual Baud Rate Generator 


Programmable Divider 


FEATURES PIN CONFIGURATION 
[] On chip crystal oscillator or external 
frequency input XTAL/EXT1 18 XTAL/EXT2 
L] Single +5v power supply +5v 17 f; 
fe 16 T, 





Choice of 2 x 16 output frequencies 
16 asynchronous/synchronous baud rates 














(J Direct UART/USRT/ASTRO/USYNRT Ra te = 

compatibility R; 14 Te = 
C Full duplex communication capability Re 13 T, wa 
CJ Re-programmable ROM via CLASP® 

technology allows generation of other Ro 12 STT 

frequencies 11 GND 

TTL, MOS compatibility NC 40 NC 





IO 


Compatible with COM 5016 





BLOCK DIAGRAM 


FREQUENCY 


DECODE REPROGRAMMABLE 


FREQUENCY SELECT 
ROM 


XTAU/EXT1 DIVIDER 


AND 
CONTROL 


XTALIEXT2 DIVIDER 


FREQUENCY REPROGRAMMABLE 
D-LATCH FREQUENCY SELECT 


ROM 
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General Description 


The Standard Microsystem’s COM 8116 is an en- 
hanced version of the COM 5016 Dual Baud Rate 
Generator. It is fabricated using SMC’s patented 
COPLAMOS® and CLASP® technologies and em- 
ploys depletion mode loads, allowing operation from 
a single +5v supply. 


The standard COM 8116 is specifically dedicated to 
generating the full spectrum of 16 asynchronous/ 
synchronous data communication frequencies for 
16X UART/USRT devices. A large number of the fre- 
quencies available are also useful for 1X and 32X 
ASTRO/USYNRT devices. 


The COM 8116 features an internal crystal oscillator 
which may be used to provide the master reference 
frequency. Alternatively, an external reference may be 
supplied by applying complementary TTL level sig- 
nals to pins 1 and 18. Parts suitable for use only with 
an external TTL reference are marked COM 8116T. 
TTL outputs used to drive the COM 8116 or COM 
8116T XTAL/EXT inputs should not be used to drive 


other TTL inputs, as noise immunity may be com- 
promised due to excessive loading. 


The output of the oscillator/buffer is applied to the 
dividers for generation of the output frequencies f,, f.. 
The dividers are capable of dividing by any integer 
from 6 to 2" + 1, inclusive. If the divisor is even, the 
output will be square; otherwise the output wil! be 
high longer than it is low by one fx clock period. 


Each of the two divisor ROMs contains 16 divisors, 
each 19 bits wide, and is fabricated using SMC’s 
unique CLASP® technology allowing up to 32 dif- 
ferent divisors on custom parts. This process permits 
reduction of turn-around time for ROM patterns. 
Each group of four divisor select bits is held in an 
externally strobed data latch. The strobe input is level 
sensitive: while the strobe is high, data is passed di- 
rectly through to the ROM. Initiation of a new fre- 
quency is effected within 3.5us of a change in any of 
the four divisor select bits (strobe activity is not re- 
quired). The divisor select inputs have pull-up resis- 
tors; the strobe inputs do not. 


Description of Pin Functions 








Function 


1 XTAL/EXT1 | — Crystal or This input is either one pin of the crystal package or one polarity 
External Input 1 | of the external input. 
2 Vec Power Supply +5 volt supply 
3 fp Receiver Output | This output runs at a frequency selected by the Receiver divisor 
Frequency select data bits. 
4-7 {R,, Rg, Rc, Rp |Receiver-Divisor | The logic level on these inputs, as shown in Table 1, selects the 
Select Data Bits | receiver output frequency, fp. 

8 STR Strobe-Receiver | A high level input strobe loads the receiver data (R,, Rg, Re, Rp) into 
the receiver divisor select register. This input may be strobed or 
hard-wired to a high level. 

9 NC No Connection 

10 NC No Connection 

11 GND Ground Ground 

12 STT Strobe- A high level input strobe loads the transmitter data (T,, Ts, Tc, Tp) 

Transmitter into. the transmitter divisor select register. This input may be 
| strobed or hard-wired to a high ievel. 
13-16 Ir, Tz, T;,T, | Transmitter- The logic level on these inputs, as shown in Table 1, selects the 
Divisor transmitter output frequency, f,. 
Select Data Bits 
i7 tr Transmitter This output runs ai a frequency selected by the Transmitter divisor 
Output select data bits. 
Frequency 
18 ers Crystal or This input is either the other pin of the crystal package or the 








External Input 2 


For electrical characteristics, see page 231. 


other polarity of the external input. 
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STANDARD MICROSYSTEMS COM 8126 


Baud Rate Generator 


Programmable Divider 


FEATURES PIN CONFIGURATION 
[] Onchip crystal oscillator or external 
frequency input 


[Cj Single + Sv power supply XTAL/EXT1 1 14 four 
(1 Choice of 16 output frequencies 





= XTAL/EXT2 2 13 A 
16 asynchronous/synchronous baud rates 

[1] Direct UART/USRT/ASTRO/USYNRT +Sv 3 12 B 
compatibility NC 4 11C 

(_] Re-programmable ROM via CLASP® 

 technolody allows generation of other anes ie 
frequencies NC 6 9 ST 

_] TTL, MOS compatibility NC 7 8 NC 














-] Compatible with COM 5026 





BLOCK DIAGRAM 


REPROGRAMMABLE 
FREQUENCY SELECT 


ROM 


XTAL/EXT1 


XTAL DIVIDER 
CLOCK 


BUFFER 





225 








General Description 


The Standard Microsystem’s COM 8126 is an en- 
hanced version of the COM 5026 Baud Rate 
Generator. It is fabricated using SMC’s patented 
COPLAMOS® and CLASP® technologies and em- 
ploys depletion mode loads, allowing operation from 
a single +5v supply. 


The standard COM 8126 is specifically dedicated to 
generating the full spectrum of 16 asynchronous/ 
synchronous data communication frequencies for 
16X UART/USRT devices. A large number of the fre- 
quencies available are also useful for 1X and 32X 
ASTRO/USYNRT devices. 


The COM 8126 features an internal crystal oscillator 
which may be used to provide the master reference 
frequency. Alternatively, an external reference may be 
supplied by applying complementary TTL level sig- 
nals to pins 1 and 2. Parts suitable for use only with 
an external TTL reference are marked COM 8126T. 
TTL outputs used to drive the COM 8126 or COM 
8126T XTAL/EXT inputs should not be used to drive 
other TTL inputs, as noise immunity may be com- 


promised due to excessive loading. 


The output of the oscillator/buffer is applied to the 
divider for generation of the output frequency. The 
divider is capable of dividing by any integer from 6 
to 2 + 1, inclusive. If the divisor is even, the output 
will be square; otherwise the output will be high 
longer than it is low by one fx clock period. 


The divisor ROM contains 16 divisors, each 19 bits 
wide, and is fabricated using SMC’s unique CLASP® 
technology. This process permits reduction of turn- 
around time for ROM patterns. The four divisor select 
bits are held in an externally strobed data latch. The 
strobe input is level sensitive: while the strobe is high, 
data is passed directly through to the ROM. Initiation 
of a new frequency is effected within 3.5us of a 
change in any of the four divisor select bits (strobe 
activity is not required). This feature may be disabled 
through a CLASP® programming option causing new 
frequency initiation to be delayed until the end of the 
current four half-cycle. The divisor select inputs have 
pull-up resistors; the strobe input does not. 


Description of Pin Functions 































Output 


Frequency data bits. 










Function 


This input is either one pin of the crystal package or one polarity 


This input is either the other pin of the crystal package or the other 


| A high level strobe loads the input data (A, B, C, D) into the input 


The logic level on these inputs as shown in Table 1, selects the 


This output runs at a frequency selected by the divisor select 


Crystal or 
External Input 1 | of the external input. 
2 XTAL/EXT2 Crystal or 
External input 2 | polarity of the external input. 
3 | Vec Power Supply | +5 voltsupply 
4,6,7,8 | NC No Connection fs 
5 GND Ground Ground 
9 | ST Strobe 
a high level. 
10-13 D,C,B,A Divisor Select 
| Data Bits output frequency. 


For electrical characteristics, see page 231. 


divisor select register. This input may be strobed or hard-wired to 
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STANDARD MICROSYSTEMS COM 8136 
a COM 8136T 


Dual Baud Rate Generator 


Programmable Divider 


FEATURES PIN CONFIGURATION 

(] Onchip crystal oscillator or external 
frequency input XTAL/EXT1 

1 Single + 5v power supply +5v 

1 Choice of 2x 16 output frequencies 

CJ 16 asynchronous/synchronous baud rates 

LC] Direct UART/USRT/ASTRO/USYNRT 

compatibility 

C] Full duplex communication capability 

(_] High frequency reference output 

(] Re-programmable ROM via CLASP® 

technology allows generation of other STR 

frequencies 

LJ TTL, MOS compatibility 

(i Compatible with COM 5036 


1 18 XTAL/EXT2 
2 17 f, 

3 16 T, 

4 15 T; 

5 14 Te. 
6 

7 

8 

9 


13 Tp 

12 STT 
11 GND 
10 fx/4 








BLOCK DIAGRAM 


REPROGRAMMABLE 
FREQUENCY SELECT 


ROM 


XTAL/EXT1 DIVIDER 


XTAL'EXT2 DIVIDER 


FREQUENCY REPROGRAMMABLE 


eyes oe FREQUENCY SELECT 
ROM 
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General Description 


The Standard Microsystem’s COM 8136 is an en- 
hanced version of the COM 5036 Dual Baud Rate 
Generator. It is fabricated using SMC’s patented 
COPLAMOS® and CLASP® technologies and em- 
ploys depletion mode loads, allowing operation from 
a single +5v supply. 


The standard COM 8136 is specifically dedicated to 
generating the full spectrum of 16 asynchronous/ 
synchronous data communication frequencies for 
16X UART/USRT devices. A large number of the 
frequencies available are also useful for 1X and 32X 
ASTRO/USYNRT devices. 


The COM 8136 features an internal crystal oscillator 
which may be used to provide the master reference 
frequency. Alternatively, an external reference may be 
supplied by applying complementary TTL level sig- 
nals to pins 1 and 18. Parts suitable for use only with 
an external TTL reference are marked COM 8136T. 
TTL outputs used to drive the COM 8136 or COM 
8136T XTAL/EXT inputs should not be used to drive 
other TTL inputs, as noise immunity may be com- 
promised due to excessive loading. 


The output of the oscillator/buffer is applied to the 
dividers for generation of the output frequencies f,, f.. 
The dividers are capable of dividing by any integer 
from 6 to 2" + 1, inclusive. If the divisor is even, the 
output will be square; otherwise the output will be 
high longer than it is low by one fx clock period. 


The reference frequency (fx) is used to provide a high 
frequency output at fx/4. 


Each of the two divisor ROMs contains 16 divisors, 
each 19 bits wide, and is fabricated using SMC’s 
unique CLASP® technology allowing up to 32 dif- 
ferent divisors on custom parts. This process permits 
reduction of turn-around time for ROM patterns. Each 
group of four divisor select bits is held in an externally 
strobed data latch. The strobe input is level sensi- 
tive: while the strobe is high, data is passed directly 
through to the ROM. Initiation of a new frequency is 
effected within 3.5us of a change in any of the four 
divisor select bits (strobe activity is not required). 
The divisor select inputs have pull-up resistors; the 
strobe inputs do not. 


Description of Pin Functions 


pet pec « ane net an) © 0” ies Tep se fia Ro tem eS 


Function 


> —___-++————————————— SS —- -—v—— 


| This input is either one pin of the crystal package or one polarity 


This output runs at a frequency selected by the Receiver divisor 











The logic level on these inputs, as shown in Table 1, selects the 
receiver output frequency, fp. 


A high level input strobe loads the receiver data (R,, Rg, Re, Rp) into 
the receiver divisor select register. This input may be strobed or 
hard-wired to a high level. 


Y crystal/clock frequency reference output. 


A high level input strobe loads the transmitter data (T,, Ts, Tc, Tp) 


; into the transmitter divisor seiect register. This input may be 


strobed or hard-wired to a high level. 


The logic level on these inputs, as shown in Table 1, selects the 
transmitter output frequency, f;. 


This output runs at a frequency selected by the Transmitter divisor 


This input is either the other pin of the crystal package or the 


| Pin No.; Symbol | Name 
j 1 | XTAL/EXT1; ~~ Crystal or 
| External Input 1 | of the external input. 
2 | Veg Power Supply | +5 volt supply 
3 | fp Receiver Output | 
| Frequency | select data bits. 
4-7 | R,, Re, Ro, Ro Receiver-Divisor 
| Select Data Bits 
8 | STR Strobe-Receiver 
| 
9 NC No Connection 
10 f,/4 f,./4 
1i GND Ground 1 Ground 
| 12 | STT Strobe- 
| Transmitter 
| 13-16 | Tp, Tc, Te T,| Transmitter- | 
Divider 
Select Data Bits 
| 17 f; Transmitter 
_ Output select data bits. 
Frequency 
18 XTAL/EXT2 Crystal or 
External Input 2 





other polarity of the external input. 





For electrical characteristics, see page 231. 
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STANDARD MICROSYSTEMS COM 8146 






Baud Rate Generator 


Programmable Divider 


FEATURES PIN CONFIGURATION 
C] Onchip crystal oscillator or external 
frequency input 

Cl Single + 5v power supply XTAL/EXT1 1 
(J Choice of 16 output frequencies 





_| 16 asynchronous/synchronous baud rates XTALIEXT2 2 > 
C] Direct VART/USRT/ASTRO/USYNRT +5v 3 z 

compatibility . NC 4 = 
CJ High frequency reference output ae 7) 
[] Re-programmable ROM via CLASP® 

technology allows generation of other NC 6 

frequencies. NC 7 





(1 TTL, MOS compatibility 
[] Compatible with COM 5046 





BLOCK DIAGRAM 


REPROGRAMMABLE 
FREQUENCY SELECT 


ROM 


XTAL/EXT1 


XTAL DIVIDER 
CLOCK 


BUFFER 


+5v GND 
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General Description 


The Standard Microsystem’s COM 8146 is an en- 
hanced version of the COM 5046 Baud Rate 
Generator. It is fabricated using SMC’s patented 
COPLAMOS® and CLASP® technologies and em- 
ploys depletion mode loads, allowing operation from 
a single +5v supply. 


The standard COM 8146 is specifically dedicated to 
generating the full spectrum of 16 asynchronous/ 
synchronous data communication frequencies for 
16X UART/USRT devices. A large number of the fre- 
quencies available are also useful for 1X and 32X 
ASTRO/USYNRT devices. 


The COM 8146 features an internal crysta! oscillator 
which may be used to provide the master reference 
frequency. Alternatively, an external reference may be 
supplied by applying complementary TTL level sig- 
nals to pins 1 and 2. Parts suitable for use only with an 
external TTL reference are marked COM 8146T. TTL 
outputs used to drive the COM 8146 or COM 8146T 
XTAL/EXT inputs should not be used to drive other 
TTL inputs, as noise immunity may be compromised 
due to excessive loading. 


The output of the oscillator/buffer is applied to the 
divider for generation of the output frequency. The 
divider is capable of dividing by any integer from 6 to 
2" + 1, inclusive. If the divisor is even, the output will 
be square; otherwise the output will be high longer 
than it is low by one fx clock period. 


The reference frequency (fx) is used to provide a high 
frequency output at fx/4. 


The divisor ROM contains 16 divisors, each 19 bits 
wide, and is fabricated using SMC’s unique CLASP® 
technology. This process permits reduction of turn- 
around time for ROM patterns. The four divisor select 
bits are held in an externally strobed data latch. The 
strobe input is level sensitive: while the strobe is high, 
data is passed directly through to the ROM. Initiation 
of a new frequency is effected within 3.5us of a 
change in any of the four divisor select bits (strobe 
activity is not required). This feature may be disabled 
through a CLASP® programming option causing new 
frequency initiation to be delayed until the end of the 
current foyr half-cycle. The divisor select inputs have 
pull-up resistors; the strobe input does not. 


Description of Pin Functions 


Crystal or 


Function 


This input is either one pin of the crystal package or one polarity 


External Input 1 | of the external input. 


Crystal or 








This input is either the other pin of the crystal package or the other 
External Input 2 | polarity of the external input. 





¥% crystai/ciock frequency reference output. 

A high level strobe loads the input data (A, B, C, D) into the input 
divisor select register. This input may be strobed or hard-wired to 
The logic level on these inputs as shown in Table 1, selects the 


This output runs at a frequency selected by the divisor select 


3 Vec Power Supply | +5volt supply 
4,6,7 | NC | No Connection 

5 | GND | Ground | Ground 

3) fy/4 i/4 

9 | ST | Strobe 

| | a high level. 
10-13 D,C,B,A Divisor Select 
Data Bits outout frequency. 
14 | four | Output 
Frequency data bits. 





For electrical characteristics, see page 231. 
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ELECTRICAL CHARACTERISTICS COM8046, COM8046T, COM8116, COM8116T, COM8126, 


COM8126T, COM8136, COM8136T, COM8146, COM8146T 
MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ......... 2... c cn nee eee n teens O°Cto + 70°C 
Storage Temperature Range ...................0.0 00-0: sSrtvbea wesussens "owas He sed niches gad rath OY Biota: = — 55°C to + 150°C 
Lead Temperature (soldering, 10 S€C.) 2... en ete +325°C 
Positive Voltage on any Pin. with respect to ground .... 2... 6... +8.0V 
Negative Voltage on any Pin. with respect to ground ......... sla NAS AS ah SURE A Be sae ee Noe anc neutd aah es, 4 —0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or “glitches” on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc=+5V+5%, unless otherwise noted) 


Parameter | Min. | Typ. | Max. | Unit | Comments 


D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 





Low-level, Vi. 0.8 Vv 
High-level, Vin 2.0 V excluding XTAL inputs 
OUTPUT VOLTAGE LEVELS 
Low-level, Vo. 0.4 Vv lop = 1.6mA, for fy/4, fo/16 
0.4 V lo, =3.2mA, for fo, fa, fr 
0.4 V lo, = 0.8mA, for fy 
High-level, Vou 3.5 V low = —100zA; for fx, los = —50nA 
INPUT CURRENT , 
Low-level, I. -0.1 mA | Vin=GND, excluding XTAL inputs 
INPUT CAPACITANCE 
All inputs, Cw 5 10 pF | Vix=GND, excluding XTAL inputs 
EXT INPUT LOAD 8 10 Series 7400 equivalent loads 
POWER SUPPLY CURRENT 
lec 50 mA 
A.C. CHARACTERISTICS Ta= +25°C 
CLOCK FREQUENCY, fx 0.01 7.0 MHz | XTAL/EXT, 50% Duty Cycle +5% 
COM 8046, COM 8126, COM 8146 
0.01 51 MHz} XTAL/EXT, 50% Duty Cycle +5% 
COM 8116, COM 8136 
STROBE PULSE WIDTH, tew 150 “| DC ns 
INPUT SET-UP TIME 
tos 200 ns 
INPUT HOLD TIME 
tou 50 ns 
STROBE TO NEW FREQUENCY DELAY 3.5 BS @ fx=5.0 MHz 


TIMING DIAGRAM 


tew 


Vin 
STROBE 


Vi 


DIVISOR Vin 
SELECT 
DATA 
Vin 
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Crystal Operation External Input Operation 
COM 8116 COM 8116/COM 8116T 
COM 8136 COM 8136/COM 8136T 


74XX 1 18 
TTL 


74XX—totem pole or open collector output (external 
pull-up resistor required) 


5.0688 MHz 


Crystal Operation External Input Operation 
COM 8126 COM 8126/COM 8126T 
COM 8146 COM 8146/COM 8146T 
COM 8046 COM 8046/COM 8046T 


74XX 
TTL 


5.0688 MHz 
crystal 


74XX—totem pole or open collector output (external 
pull-up resistor required) 


For ROM re-programming SMC has a computer program available whereby the customer 
need only supply the input frequency and the desired output frequencies. 
The ROM programming is automatically generated. 





Crystal Specifications Crystal manufacturers (Partial List) 
User must specify termination (pin, wire, other) Northern Engineering Laboratories 


Prefer: HC-18/U or HC-25/U 357 Beloit Street 
Frequency — 5.0688 MHz, AT cut purington, Wisconsin: 52102 
4 3 ’ (414) 763-3591 
Temperature range 0°C to 70°C Bulova Frequency Control Products 
Series resistance <50 0 §1-20 Woodside Avenue 
Series Resonant Woodside, New York 11377 
OCwarailltnloranca + 014° (21 2) 335-6000 
ak as aaa ic ae CTS Knights Inc. 
or as required 101 East Church Street 
Sandwich, Illinois 60548 
(815) 786-8411 
Crystek Crystals Corporation 
1000 Crystal Drive 
Fort Myers, Florida 33901 
(813) 936-2109 
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COM 8046 
COM 8046T 


= 
=z 
=] 
ra 
oO 
tid 
wa 





Table 2 
REFERENCE FREQUENCY =5.068800MHz 


Divisor Desired Desired Actual Actual 
Select Baud Clock Frequency Baud Frequency 
EDCBA Rate Factor (KHz) Divisor Rate (KHz) Deviation 


00000 50.00 32X 1.60000 3168 50.00 1.600000 0.0000% 
00001 75.00 32X 2.40000 2112 75.00 2.400000 0.0000% 
00010 110.00 32X 3.52000 1440 110.00 3.520000 0.0000% 
00011 134.50 32X 4.30400 1177 134.58 4.306542 0.0591% 
00100 150.00 32X 4.80000 1056 150.00 4.800000 0.0000% 
00101 200.00 32X 6.40000 792 200.00 6.400000 0.0000% 
00110 300.00 32X 9.60000 528 300.00 9.600000 0.0000% 
00111 600.00 32X 19.20000 600.00 19.200000 0.0000% 
01000 1200.00 32X 38.40000 1200.00 38.400000 0.0000% 
01001 1800.00 32X 57.60000 1800.00 57.600000 0.0000% 
01010 2400.00 32X 76.80000 2400.00 76.800000 0.0000% 
01011 3600.00 32X 115.20000 3600.00 115.200000 0.0000% 
01100 4800.00 32X 153.60000 4800.00 153.600000 0.0000% 
01101 7200.00 32X 230.40000 7200.00 230.400000 0.0000% 
01110 9600.00 32X 307.20000 9900.00 316.800000 3.1250% 
01111 19200.00 32X 614.40000 19800.00 633.600000 3.1250% 
10060 50.00 16X 0.80000 50.00 0.800000 0.0000% 
10001 75.00 16X 1.20000 75.00 1.200000 0.0000% 
19010 110.00 16X 1.76000 110.00 1.760000 0.0000% 
10011 134.50 16X 2.15200 134.52 2.152357 0.0166% 
10100 150.00 16X 2.40000 150.00 2.400000 0.0000% 
10101 300.00 16X 4.80000 300.00 4.800000 0.0000% 
10110 600.00 16X 9.60000 600.00 9.600000 0.0000% 
10111 1200.00 16X 19.20000 1200.00 19.200000 0.0000% 
11000 1800.00 16X 28.80000 1800.00 28.800000 0.0000% 
11001 2000.00 16X 32.00000 2005.06 32.081013 0.2532% 
11010 2400.00 16X 38.40000 2400.00 38.400000 0.0000% 
11011 3600.00 16X 57.60000 3600.00 57.600000 0.0000 % 
11100 4800.00 16X 76.80000 4800.00 76.800000 0.0000% 
11101 7200.00 16X 115.20000 7200.00 115.200000 0.0000% 
11110 9600.00 16X 153.60000 9600.00 153.600000 0.0000% 
11111 19200.00 16X 307.20000 19800.00 316.800000 3.1250% 
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COM8116, COM8116T, COM8126, COM8126T 
COM8136, COM8136T, COM8146, COM8146T 


Baud Rate Generator Output Frequency Options 


Table 1. (16X clock) Table 2. (16X clock) 


CRYSTAL FREQUENCY = 5.0688 MHz CRYSTAL FREQUENCY = 4.9152 MHz 


a Deo : Actual é e Duty Tr’mit/Receive eee passion ‘ Actual eles st 
i requency uency ercer Address ui reque! reque! 
Rate 16X Clock 18x Glock Error Rate 16X Clock 16X Clock Error % Divisor 


0.8 KHz 50/50 6144 


. 


50 


o 
@ 
a 
<- 
N 


50 0.8 KHz 0.8 KHz 
75 . 1.2 
110 1.76 
134.5. 
150 
300 
600 
1200 
1800 
2000 
2400 


ao 
~ 
=NN 
R° 
o 

o 


—_ 
DBOOPNN== 


Aastra tMOOO0OO0000 1c 
ata mt at OOOOH aAsmM A OOCOO 
2O70=-0-0-0-0-0=0 |} 
NOMADROBNHDA= Vide 
JEFETRBITIPISIty 
att aa tt mtOOOOOO0O |g 
am OOOO282 3000010 
~ 80084-00282 00-2300/9 


Table 3. S2X clock) 


CRYSTAL FREQUENCY = 5.0688 MHz 
Tr'mit/Recelve 
Address 


Theoretical 
Baud Percent Cyete 


50/50 3168 
50/50 2112 





OUTPUT FREQUENCY OPTIONS 
Desh Number 
| Table Table2 Tobie 
sTD -5 -6 
STD -5 -6 
| STD NA NA | 


| STO NWA WA | 


*When Duty Cycle is not exactly 50%, itis 50%+ 10%. 
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STANDARD MICROSYSTEMS COM 8116T 


pe 
— 


Baud Rate Generator Output 
Frequency Options 


COM 8116T-013 COM 8116T-003 
CRYSTAL FREQUENCY = 2.76480 MHz CRYSTAL FREQUENCIES = 6.01835 MHz 


Transmit/ 
Receive Theoretical Actual Theoretical Actual 


Address Baud Frequency Frequency Percent Baud Frequency Frequency 
B 16X Clock 16X Clock Error 16X Clock 16X Clock 


0.8 KHz 0.8KHz 799.9Hz 
; 1.2 1200.0 
1.76 1759.7 
2151.7 
2399.6 
3199.5 
4799.3 
9598.6 
19227.9 
28795.9 
32012.5 
38333.4 
57868.7 
7158.3 
154316.6 
300917.5 


SECTION IV 


8KHz 0 
0 
— .006 
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COM 8116T-013A 
CRYSTAL FREQUENCY—5.52960 MHz 


F Actual Cole 
requency Frequency Percent c 
16X Clock 16X Clock Error % 


1.6KHz2 1.6KHz 0 50/50 
2.4 24 0 50/50 
3.5197 —.006 50/50 
4.3032 -.019 50/50 
50/50 
50/50 
50/50 
50/50 
50/50 
50/50 
50/50 
50/50 
50/50 
50/50 
50/50 
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COM 8017 
COM 2017 






DUAL 
BAUD RATE GENERATOR 





UART 


ene ee 








Typical UART—Dua! Baud Rate Generator Configuration 
Full Duplex—Split Speed 


COM 1671 


Typical ASTRO—Baud Rate Generator Configuration 


XTAL/EXT1 


XTAL/EXT2 






Typical External Oscillator Hook-Up To System 





XTAL/EXT1 


COM 8XXX | | 
| 50-100nF 







COMPARATOR To System 


Generation of Communication Reference Frequency and 


System Clock from a sinale crvstal > 2 


STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 


tions; consequently complete information sufficient for construction purposes is not necessarily given. The 


POR a information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 










5 Marcus Bc, Hauppauge. NY 11788 assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
161273-3100 TWX-510-227-888 devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
We keep ahead of our competition so you can keep ahead of yours. at any time in order to improve design and supply the best product possible. 
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CRT Display 





TIMING CONTROLLERS 





VDAG™ DISPLAY CONTROLLERS 


SECTION V 







or 


VIDEO ATTRIBUTES CONTROLLERS 


| Provides attributes - 
.gnd graphics control .. 
for CRT video 











oI ESE Es displays ., double widt cee Ree ate eo a) ae oe gee 
‘1) May be custom mask programmed (3) Also available as CRT 8002A,B,C — 001 Katakana 
2) For future release CRT 8002A,B,C — 003 5X7 dot matrix 
(4) Also available as CRT 70044,B,C — 003 5X7 
dot matrix 
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STANDARD MICROSYSTEMS CRT 5027 


CORPORATION CRT 5037 
CRT 5057 


: ; [LPC FAMILY 
CRT Video Timer and Controller 
VTAC® 


FEATURES PIN CONFIGURATION 
(J Fully Programmable Display Format 
Characters per data row (1-200) 
Data rows per frame (1-64) 
Raster scans per data row (1-16) 
) Programmable Monitor Sync Format 
Raster Scans/ Frame (256-1023) 
“Front Porch” 
Sync Width 
“Back Porch’”’ 
Interlace/Non-Interlace LLI/CSYN G 
Vertical Blanking VSYN 
C Lock Line Input (CRT 5057) 
C Direct Outputs to CRT Monitor 
Horizontal Sync 






OMN OAR WN = 








Vertical Sync 
Composite Sync (CRT 5027, CRT 5037) 
Blanking 
Cursor coincidence 
Lj Programmed via: a 
Processor data bus ° 
External PROM PACKAGE: 40-Pin D.I.P. be 
Mask Option ROM 7] Split-Screen Applications a 
(i Standard or Non-Standard CRT Monitor Compatible Horizontal 
7 Refresh Rate: 60Hz, 50Hz,... Vertical 
C1] Scrolling CL Interlace or Non-Interlace operation 
Single Line CJ TTL Compatibility 
Multi-Line 1 BUS Oriented 
— Cursor Position Registers [| High Speed Operation 
( Character Format: 5x7, 7x9,... () COPLAMOS* N-Channel Silicon 
(] Programmable Vertical Data Positioning Gate Technology 
CL Balanced Beam Current Interlace (CRT 5037) — ' ( Compatible with CRT 8002 VDAC™ 
(1 Graphics Compatible (1) Compatible with CRT 7004 





GENERAL DESCRIPTION 


The CRT Video Timer and Controller Chip (VTAC)* is a user programmable 40-pin COPLAMOS® nchannel MOS/LSI 
device containing the logic functions required to generate all the timing signals for the presentation and formatting of 
interlaced and non-interlaced video data on a standard or non-standard CRT monitor. 

With the exception of the dot counter, which may be clocked at a video frequency above 25 MHz and therefore not 
recommended for MOS implementation, all frame formatting, such as horizontal, vertical, and composite sync, characters 
per data row, data rows per frame, and raster scans per data row and per frameare totally user programmable. Thedatarow 
counter has been designed to facilitate scrolling. 

Programming is effected by loading seven 8 bit control registers directly offan8 bit bidirectional data bus. Fourregister 
address lines and a chip select line provide complete microprocessor compatibility for program controlled setup. The device 
can be “self loaded” via an external PROM tied on the data busas described inthe OPERATION section. Formatting canalso 
be programmed by a single mask option. 

In addition to the seven control registers two additional registers are provided to store the cursor character and data 
row addresses for generation of the cursor video signal. The contents of these two registers can also be read out onto the 
bus for update by the program. 

Three versions of the VTAC® are available. The CRT 5027 provides non-interlaced operation with an even or odd 
number of scan lines per data row, or interlaced operation with an even number of scan lines perdata row. The CRT 5037 
may be programmed for an odd or even number of scan lines per data row in both interlaced and non-interlaced modes. 
Programming the CRT 5037 for an odd number of scan lines per data row eliminates character distortion caused by the 
uneven beam current normally associated with odd field/even field interlacing of alphanumeric displays. 

The CRT 5057 provides the ability to lock a CRT’s vertical refresh rate, as controlled by the VTAC’s® vertical sync 
pulse, to the 50 Hz or 60 Hz line frequency thereby eliminating the so called “swim” phenomenon. This is particularly 
well suited for European system requirements. The line frequency waveform, processed to conform to the VTAC's® 
specified logic levels, is applied to the line lock input. The VTAC® will inhibit generation of vertical sync until a zero to 
one transition on this input is detected. The vertical sync pulse is then initiated within one scan line after this transition 
rises above the logic threshold of the VTAC.® 

To provide the pin required for the line lock input, the composite sync output is not provided in the CRT 5057. 
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: Pin. No. 
25-18 


3 
39, 40,1,2 


9 


12 


Symbol 
DBg-7 


CS 
Ag-3 


DS 


R1-3 


H7/DR5 


Rg 


Description of Pin Functions 
Input/ 


Name 
Data Bus 


Chip Select 


Register 
Address 


Data Strobe 


DOT Counter 
Carry 


Character 
Counter Outputs 


Scan Counter 
Outputs 


H7/DR5 


Scan Counter LSB 


Data Row 

Counter Outputs 

Blank 

Horizontal Sync 

Vertical Sync 

Composite Sync Output/ 
Line Lock Input 


Cursor Video 
Power Supply 
Power Supply 


Output 


vO 


| 
| 











Function 


Data bus. input bus for control words from microprocessor or 
PROM. Bidirectional bus for cursor address. 

Signals chip that it is being addressed 

Register address bits for selecting one of seven control 

registers or either of the cursor address registers 

Strobes DB@-7 into the appropriate register or outputs the 

cursor character address or cursor line address onto the data bus 
Carry from off chip dot counter establishing basic character 
clock rate. Character clock. 

Character counter outputs. 


Three most significant bits of the Scan Counter; row select 
inputs to character generator. 

Pin definition is user programmable. Output is MSB of 
Character Counter if horizontal line count (REG.@) is =128; 
otherwise output is MSB of Data Row Counter. 


Least significant bit of the scan counter. In the inter- 
laced mode with an even number of scans per data row, 
R@ will toggle at the field rate; for an odd number of 
scans per data row in the interlaced mode, R@ will toggle 
at the data row rate. 


Data Row counter outputs. 


Defines non active portion of horizontal and vertical scans. 

Initiates horizontal retrace. 

Initiates vertical retrace. 

Composite sync is provided on the CRT 5027 and CRT 5037. 

This output is active in non-interlaced mode only. Provides a true 
RS-170 composite sync wave form. For the CRT 5057, this pin is 
the Line Lock Input. The line frequency waveform, processed to 
conform to the VTAC’s® specified logic levels, is applied to this pin. 
Defines cursor location in data field. 

+5 volt Power Supply 

+12 volt Power Supply 



















































































BLOCK DIAGRAM 
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Operation 


The design philosophy employed was to allow the device to interface effectively with either a microprocessor based or 
hardwire logic system. The device is programmed by the user in one of two ways; via the processor data bus as part of the 
system initialization routine, or during power up via a PROM tied on the data bus and addressed directly by the Row Select 
outputs of the chip. (See figure 4). Seven 8 bit words are required to fully program the chip. Bit assignments for these words 
are shown in Table 1. The information contained in these seven words consists of the following: 


Horizontal Formatting: 
Characters/Data Row A 3 bit code providing 8 mask programmable character lengths from 20 to 132. 
The standard device will be masked for the following character lengths; 20, 32, 
40, 64, 72, 80, 96, and 132. 


Horizontal Sync Delay 3 bits assigned providing up to 8 character times for generation of “front porch”. 


Horizontal Syne Width 4 bits assigned providing up to 15 character times for generation of horizontal 
sync width. 


Horizontal Line Count 8 bits assigned providing up to 256 character times for total horizontal formatting. 


Skew Bits A 2 bit code providing from a 0 to 2 character skew (delay) between the 
horizontal address counter and the blank and sync (horizontal, vertical, composite) 
signals to allow for retiming of video data prior to generation of composite video 
signal. The Cursor Video signal is also skewed as a function of this code. 


Vertical Formatting: 
Interlaced/Non-interlaced This bit provides for data presentation with odd/even field formatting for inter- 
laced systems. It modifies the vertical timing counters as described below. 
A logic 1 establishes the interlace mode. 


Scans/Frame 8 bits assigned, defined according to the following equations: Let X = value of 8 
assigned bits. 
1) in interlaced mode—scans/frame = 2X + 513. Therefore for 525 scans, 
program X = 6 (00000110). Vertical sync will occur precisely every 262.5 scans, 
thereby producing two interlaced fields. 
Range = 513 to 1023 scans/frame, odd counts only. 
2) in non-interlaced mode—scans/frame = 2X + 256. Therefore for 262 scans, 
program X = 3 (00000011). 
Range = 256 to 766 scans/frame, even counts only. 


In either mode, vertical sync width is fixed at three horizontal scans (= 3H). 


Vertical Data Start 8 bits defining the number of raster scans from the leading edge of vertical 
sync until the start of display data. At this raster scan the data row counter is 
set to the data row address at the top of the page. 


Data Rows/Frame 6 bits assigned providing up to 64 data rows per frame. 


Last Data Row 6 bits to allow up or down scrolling via a preload defining the count of the last 
displayed data row. 


Scans/Data Row 4 bits assigned providing up to 16 scan lines per data row. 


Additional Features 


Device Initialization: 

Under microprocessor control—The device can be reset under system or program control by presenting a191% address 
on A3-¥. The device will remain reset at the top of the even field page until a start command is executed by presenting a1119 
address on A3-@. 


Via “Self Loading”—In a non-processor environment, the self loading sequence is effected by presenting and holding the 
1111 address on A3-@, and is initiated by the receipt of the strobe pulse (DS). The 1111 address should be maintained long 
enough to insure that all seven registers have been loaded (in most applications under one millisecond). The timing 
sequence will begin one line scan after the 1111 address is removed. In processor based systems, self loading is initiated by 
presenting the @111 address to the device. Self loading is terminated by presenting the start command to the device which 
also initiates the timing chain. 


Scrolling—In addition to the Register 6 storage of the last displayed data row a “scroll” command (address 1911) 
presented to the device will increment the first displayed data row count to facilitate up scrolling in certain applications. 
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_ SECTION V 





Horizontal Line Count: 
Characters/Data Row: 


Horizontal Sync Delay: 
Horizontal Sync Width: 


Skew Bits 


Scans/Frame 


Vertical Data Start: 


Data Rows/Frame: 
Last Data Row: 


Mode: 
Scans/ Data Row: 


Control Registers Programming Chart 


Total Characters/Line=N+1,N=0Oto 255 (DBO=LSB) 
DB2 DBi DBO 
0 
0 


20 Active Characters/Data Row 
32 
40 
64 
72 
80 
96 
132 
, from 1 to 7 character times (DBO=LSB) (N = 0 Disallowed) 
=N, from 1 to 15 character times (DB3 =LSB) (N=0 Disallowed) 
Sync/Blank Delay Cursor Delay 
(Character Times) 


ut it t toe 


DB7 DB6 
0.6060 
1 0 
Oo 1 
1 1 
8 bits assigned, defined according to the following equations: 
Let X = value of 8 assigned bits. (DBO =LSB) 
1) in interlaced mode—scans/frame = 2X + 513. Therefore for 525 scans, 
program X = 6 (00000110). Vertical sync will occur precisely every 262.5 
scans, thereby producing two interlaced fields. 
Range = 513 to 1023 scans/frame, odd counts only. 
2) innon-interlaced mode—scans/frame = 2X + 256. Therefore for 262 
scans, programm X = 3 (00000011). 
Range = 256 to 766 scans/frame, even counts only. 
In either mode, vertical sync width is fixed at three horizontal scans (=3H). 
N = number of raster lines delay after leading edge of vertical sync of 
vertical start position. (DBO = LSB) 
Number of data rows = N+1, N=0 to 63 (DBO=LSB) 
N = Address of last dsplayed data row, N = 0 to 63, ie; for 24 data rows, 
program N= 23. (DBO =LSB) 
Register, 1, DB7=1 establishes Interlace. 
Interlace Mode 
CRT 5027: Scans per Data Row = N+1 where N = programmed number of 
scans/data rows: N = 0 to 15. Scans per data row must be even counts only. 
CRT 5037, CRT 5057: Scans per data Row = N +2.N = Oto 14, odd or even 


counts. 
Non-Interlace Mode 


CRT 5027, CRT 5037, CRT 5057: Scans per Data Row = N + 1, oddor 
even count. N = Oto 15. 











SMC 
CRT 5027, CRT 5037 
or CRT 5057 

VTAC® | 


















Figure 4. 

SELF LOADING SCHEME 
Pirtond em FOR VTAC® SET-UP 

OR EQUIVALENT 


ts 


{from system) 


ROW SELECTS 
TO CHARACTER GENERATOR 
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Register Selects/Command Codes 


A3 A2 Al AG Select/Command ; Description 


Load Control Register @ 

Load Control Register 1 

Load Control Register 2 

Load Control Register 3 See Table 1 

Load Control Register 4 

Load Control Register 5 

Load Control Register 6 

Processor Initiated SelfLoad Command from processor instructing 
VTAC® to enter Self Load Mode (via ex- 
ternal PROM) 


oleketeooakokexe) 


Read Cursor Line Address 

Read Cursor Character Address 

Reset , : Resets timing chain to top left of page. Reset 
is latched on chip by DS and counters are 

held until released by start command. 

Up Scroll Increments address of first displayed data 
row on page. ie; prior to receipt of scroll 
command—top line = 0, bottom line = 23. 
After receipt of Scroll Command—top line = 
1, bottom line = 0. 


Load Cursor Character Address* 

Load Cursor Line Address” bse 

Start Timing Chain Receipt of this command after a Reset or 
Processor Self Load command will release 
the timing chain approximately one scan line 
later. In applications requiring synchronous 
operation of more than one CRT 5027 the 
dot counter carry should be held low during 
the DS for this command. 

Non-Processor Self Load Device_will begin self load via PROM 

ae when DS goes low. The 1111 command 

should be maintained on A3-@ long 
enough to guarantee self load. (Scan 
counter should cycle through at least 
once). Self load is automatically termi- 
nated and timing chain initiated when the 
all ‘1’s’” condition is removed, indepen- 
dent of DS. For synchronous operation 
of more than one VTAC®, the Dot Counter: 
Carry should be held low when the com- 
mand is removed. 





*NOTE: During Self-Load, the Cursor Character Address Register (REG 7) and the Cursor Row Address 
Register (REG 8) are enabled during states 9111 and 1600 of the R3-R@ Scan Counter outputs respectively. 
Therefore, Cursor data in the PROM should be stored at these addresses. 





TABLE 1 


BIT ASSIGNMENT CHART 


HORIZONTAL LINE COUNT SKEWBITS DATA ROWS/FRAME LAST DISPLAYED DATA ROW 


recol7] | [ [TT [oJ es[zfe{s] | t [fo] recs] | [5] | Lt Ie 


MODE: INTERLACED/ HSYNCWIDTH HSYNC DELAY SCAN LINES/FRAME CURSOR CHARACTER ADDRESS 


NONINTERLACED -———b 
rest(7/6] | [3]2] [a] rece(7] | | | TT to) or(7] T | TTT Ie 


SCANS/DATA ROW CHARACTERS/DATA ROW VERTICAL DATA START CURSOR ROW ADDRESS 


| EES es 
resol fo] | [sta] {#} resst7] | | Tt | [a] vero] fet tt | Ie 
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AC TIMING DIAGRAMS 


FIGURE 1 VIDEO TIMING t— > t- 






DOT COUNTER | 
CARRY | 











Hg-7 

H SYNC. V SYNC. BLANK, 
CURSOR VIDEO. 
COMPOSITE SYNC 








FIGURE 2 LOAD READ TIMING 








Tset-up* 


ae 
ADDRESS. 
CHIP SELECT 


TseT up2 
be—T-o.02 


Biinem 7 LL Seas 





—— Toei 2 | 
: ly 
Saou’ Y YYVIZZJJ—|!' 00 WY) 
OF DATA 4 is Vi aa 
OS | 
j————P VV 5 Toe. 4 





FIGURE 3 SCAN AND DATA ROW COUNTER TIMING 





*R@-3 and DR@-5 may change prior to the falling edge of H sync 


CRT 5057 LINE LOCK 


LINE LOCK IN 
(60 HZ, 50 HZ) 


CRT 5057 LOGIC 
THRESHOLD 
be———- 1 /F LINE LOCK} 


| 


poe LINE LOCK ch easame 


VERTICAL SYNC 
OuT 


—_ — te Pare. | 
| | 





Note: To ensure 
a Stable display when 


using the line lock 
VERTICAL mode, the CRT 5057 


SYNC ' should be used with DC 
PROGRAM: SCANS/FRAME TO BE GREATER THAN ET coupled monitors only. 





MAXIMUM GUARANTEED RATINGS” 


Operating Temperature: Range’ . 2 lee soa a Ee ie eke bbe Site ee ed ae ay O°C to + 70°C 
Storage Temperature Range ............. 2.222 ccc eens —55°C to ~ 150°C 
Lead Temperature (soldering, 10 sec.) ...................-. oy Dia eee eee LOS PA pes tbe drt te Pease tag —325°C 
Positive Voltage on any Pin, with respect to ground .........0 2... ce ene eene ~18.0V 
Negative Voltage on any Pin, with respect to ground 2.0... tenes -0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or “glitches” on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. For example, the 
bench power supply programmed to deliver + 12 volts may have large voltage transients when the 
AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vec= +5V+5%, Voo= +12V+5%,-unless otherwise noted) 





Parameter Min. Typ. Max. Unit Comments 
D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 
Low Level, Vit 0.8 Vv 
High Level, Vix Vec—1.5 Vcc V 
OUTPUT VOLTAGE LEVELS 
Low Level—Vox for R@-3 - 0.4 V lo. =3.2ma 
Low Level—Vox all others 0.4 Vv jo. =1.6ma 
High Level—Vou for R@-3, DB@-7 2.4 lon =80yua 
High Level—Vou all others 2.4 loH=40ya 
INPUT CURRENT 
Low Level, lic (Address, CS only) 250 pA Vin=0.4V = 
Leakage, li (All Inputs except Address, CS) 10 pA OSVin<Vec S 
INPUT CAPACITANCE = 
Data Bus, Cin 10 15 pF 7) 
DS, Clock, Cin 25 40 pF 
All other, Cin 10 15 pF 
DATA BUS LEAKAGE in INPUT MODE 
los 10 pA 04V=V,=5.25V 
POWER SUPPLY CURRENT 
Icc 80 100 mA 
lop 40 70 mA 
A.C. CHARACTERISTICS Ta= 25°C 
DOT COUNTER CARRY 
frequency 0.5 4.0 MHz Figure 1 
PW 35 ns Figure 1 
PW. 215 ns Figure 1 
tr, tf 10 50 ns Figure 1 
DATA STROBE 
PWos 150ns 10us Figure 2 
ADDRESS, CHIP SELECT 
Set-up time 125 ns Figure 2 
Hold time 50 ns Figure 2 
DATA BUS—LOADING 
Set-up time 125 ns Figure 2 
Hold time 75 ns Figure 2 
DATA BUS—READING 
ToeL2 125 ns Figure 2, CL=50pF 
TDeEL<¢ 5 60 ns Figure 2, CL=50pF 
OUTPUTS: H@-7, HS, VS, BL, CRV, 
CS-Toet: 125 ns Figure 1, CL=20pF 
OUTPUTS: R@-3, DRB-5 
TpeL3 * 750 ns Figure 3, CL=20pF 


*R@-3 and DR@-5 may change prior to the falling edge of H sync 


Restrictions 
1. Only one pin is available for strobing data into the device via the data bus. The cursor X and Y coordinates are therefore 
loaded into the chip by presenting one set of addresses and outputed by presenting a different set of addresses. Therefore 


the standard WRITE and READ control signals from most microprocessors must be “NORed” externally to present a single 
strobe (DS) signal to the device. 

2. Ininterlaced mode the total number of character slots assigned to the horizontal scan must be even to insure that vertical 
sync occurs precisely between horizontal sync pulses. 
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General Timing 


HORIZONTAL TIMING 
START OF LINE N START OF LINE N+1 


ACTIVE VIDEO= 
CHARACTERS PER DATA LINE 


| HORIZONTAL SYNC DELAY | 





(FRONT PORCH) 


HORIZONTAL SYNC. WIDTH 
HORIZONTAL LINE COUNT=H 


VERTICAL TIMING 
START OF FRAME M OR ODD FIELD START OF FRAME M+1 OR EVENFIELD 


RE ei LINES PER FRAME —————_——_1» 


VERTICAL SYNC 
= 3H 


i em: ACTIVE VIDEO= ——_—____—_-»] ke 
VERTICAL DATA DATA ROWS PER FRAME 
START 


Composite Sync Timing 


COMPOSITE 
SYNC 
Vor 





Vertical Sync Timing 
© 6 ¢ ——__—_____ Frame M $$$ +} ______________ Frame M+1———_---_-— # @ 


SCAN COUNTER 1S HELD 
tHe RESET DURING V eek) 


DAT. 

SCANS ‘pow | 1 3] FF] 7] [9 " 3 fe 7 f°] 
COUNTER-RO 

N=9 e+ 


4 6 8 0) 2 4 6 8 8 





MAINTAINS LAST COUNT 
DURING V BLANK 

DATA ROW 3 

COUNTER-ORO 

N=23 naar eeas 


{ 

DATA ROW COUNTER | 

\ 

22 


i 
23 (3 7 
@ 
Peer DATA START SCAN = (REG 5) 


VERTICAL 3H 
SYNC 


EXAMPLE BASED ON: Non-inieriaced |Reg 1. Bit? = 0}. 24 catarows 10 scans cata row 


Start-up, CRT 5027 


When employing microprocessor controlled loading of the CRT 5027’s registers, the following se- 
quence of instructions is necessary: 


ADDRESS COMMAND 
1 #1 71 =«0 Start Timing Chain 
1 0 1 =O Reset 
60 G¢ «8 OO Load Register 0 
Go i 1 =U Load Register 6 
| 1 #1 #71 #0 Start Timing Chain 
The sequence of START RESET LOAD START is necessary io insure proper initialization of the 
registers. 


This sequence is not required if register loading is via either of the Self Load modes. This sequence 
is Optional with the CRT 5037 or CRT 5057. 


Circuit diagrams utilizing SMC products are inciuded as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
TS thai Oa nym assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 

i516) 273-3100 Twx-510-227-888 devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
We keep ahead of our competition so you can keep ahead of yours. at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION 








STANDARD MICROSYSTEMS 
——_——— 


CRT 5047 


[LPC FAMILY 


Preprogrammed CRT Video Timer and Controller 
VTAC® 


FEATURES 


L] Preprogrammed (Mask-Programmed) Display Format 


80 Characters Per Data Row 
24 Data Rows Per Frame 
9 Scan Lines Per Data Row 


L] Preprogrammed Monitor Sync Format 
262 Scan Lines Per Frame 
6 Character Times for Horizontal Front Porch 
8 Character Times for Horizontal Sync Width 
6 Character Times for Horizontal Back Porch 
16 Scan Lines for Vertical Front Porch 
3 Scan Lines for Vertical Sync Width 
27 Scan Lines for Vertical Back Porch 
Non-Interlace 
15.720KHz Horizontal Scan Rate 
60Hz Frame Refresh Rate 


CJ] Fixed Character Rate 
1.572MHz Character Rate (636.13ns/Character) 
11.004MHz Dot Rate (90.88ns/Dot) for 7 Dot 
Wide Character Block 
(] Character Format 
5 X 7 Character in a 7 X 9 Block 
L] Compatible with CRT 8002B-003 VDAC™ 


CL) Compatible with CRT 7004B-003 


PIN CONFIGURATION 


w~anNoaneon 


H7/DRS 
OR4 
OR3 
DR2 
OR1 
ORO 
086 
DB1 
062 
DB3 
DB4 


PACKAGE: 40-pin D.1.P. 


L) May be mask-programmed with other display formats 


GENERAL DESCRIPTION 


The two chip combination of SMC’s CRT 5047 and 
CRT 8002B-003 effectively provide all of the video elec- 
tronics for a CRT terminal. This chip set along with a 
uC form the basis for a minimum chip count CRT 
terminal. 


The CRT 5047 Video Timer and Controller is a special 
version of the CRT 5037 VTAC® which has been ROM- 
programmed with a fixed format. It is especially effective 
for low-cost CRT terminals using an 80 X 24 display 
format with a 5 X 7 character matrix. The use of a fixed 
ROM program in the CRT 5047 eliminates the software 
overhead normally required to specify the display 
parameters and simplifies terminal software design. 


The Cursor Character Address Register and the Cursor 
Row Address Register are the only two registers acces- 


sible by the processor. The CRT 5047 is easily initialized 
by the following sequence of commands: 


Reset Load Control Register6 Start Timing Chain 


The parameters of the CRT 5047 have been selected to 


be compatible with most CRT monitors. The horizontal 
timing is programmed so that when the two character 
skew delay of the CRT 8002 VDAC™ is taken into account, 
the effective timing is: Horizontal Front Porch—four 
characters, and Horizontal Back Porch—eight characters. 


Figure 1 shows the conients of the internal CRT 5047 
registers. Other mask-programmed versions of the CRT 
5037 are available. Consult SMC for more information. 
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VTAC® WORK SHEET 


1. H CHARACTER MATRIX (No. of Dots): . _5 141. TOTAL VERTICAL FRAME (Add steps 
2. V CHARACTER MATRIX 7 thru 10 = No. in Horiz. Scan Lines): 262, 
(No. of Horiz. Scan Lines): ............ _7 12. HORIZONTAL SCAN LINE RATE 15.72 
3. H CHARACTER BLOCK (Step 1 + (Step 5 x Step 11 = Freq. in KHz): ...... 18.720 
Desired Horiz. Spacing = No. in Dots): .. 7 13. DESIRED NO. OF CHARACTERS 
4. V CHARACTER BLOCK (Step 2 + PER HORIZ. ROW: ...........0.0c0eeee _ 80 
Desired Vertical Spacing = No. in 14. HORIZ. SYNC DELAY (No. in Character 
Horiz. Scan Lines): ............-000eee- _9 Time Units; T = 3-817 ys**): 2.2.0.2... _& 
5. VERTICAL FRAME (REFRESH) RATE 15. HORIZ. SYNC (No. in Character Time 
(Freq. in Hz): .... csc ceeeeeeeceeeeeuees _60 "Units; T = 5.090 ys**): eee _8 
6. DESIRED NO. OF DATA ROWS: ........ _24 16. HORIZ. SCAN DELAY (No. in Character 6 
7. TOTAL NO. OF ACTIVE “VIDEO Time Units; T = 3.817 ys**): 2.0.0.0... ae 
DISPLAY” SCAN LINES (Step 4 x >16 17. TOTAL CHARACTER TIME UNITS IN (1) 
Step 6 = No. in Horiz. Scan Lines): ..... eet HORIZ. SCAN LINE (Add Steps 13 400 
8. VERT. SYNC DELAY (No. in Horiz. 16 LAE AG). a chao cence Me gee arastwara aun e ee 
Seam Lines) eceveteuvesse ens were rere: > _ 18. CHARACTER RATE (Step 12 x Step 17 1.572 
9. VERT. SYNC (No. in Horiz. Scan Lines; = Freq: in. MHZ). aseuies on voce eda des o8 Bliss dao 
Te AQ0S pis?) i os soc cdeyesuese ceases _3 19. CLOCK (DOT) RATE (Step 3 x Step 18 aiana 
, 10. VERT. SCAN DELAY (No. in Horiz. o7 = Freq. in: MHZ): <sseie cc tin si awe See nds pact 
* Scan Lines; T=1-718 ms’): ............ _£! = *Vertical Interval **Horizontal Interval 


ADDRESS 
REG. # A3 AO FUNCTION BIT ASSIGNMENT HEX. DEC. 


0000 HORIZ. LINE COUNT __100 }o1[1[0{o[0]1] 1] 6 99 


0001 INTERLACE __9 


8 
H SYNC DELAY 6 oftjofojojij1jo} a6 


SCANS/DATA ROW __9 

CHARACTERS/ROW __80 x{1}o}o/ojijol1} 45_ 
SKEW CHARACTERS __9,0__ 

DATA ROWS __24 ofofojafoj1a[1[4| 17_ 
SCANS/FRAME __262__ 

Peg fo}ojolofofoj1|1| 03 


5 0101 VERTICAL DATA START 
= 3 + VERTICAL SCAN DELAY: 
SCAN DELAY 


27 
DATA START __30__ 0,o/o}1{1/1/1]0] 1£ 30 
6* 0110 LAST DISPLAYED DATA ROW OUnReanee is > 
(= DATA ROWS) | 


| “Register 6 has an initialization option. It is loaded with the data contained in Register 3 bya “Load Register 6” command. | 














The “Up Scroll” command can be used to effect scrolling operations. 


Figure 1: CRT 5047 Mask Programmed Registers | 
STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
CORPORA information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 


STN TWeeoso-ses devices described any license under tne patent rights of SMC or others. SMC reserves the right to make changes 
We keep ahead of our competition so you can keep ahead of yours. at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 





Graphics Display Controller 


FEATURES 
(J Microprocesser Interface 
DMA transfers with 8257- or 8237-type controllers 
FIFO Command Buffering 
L) Display Memory Interface 
Up to 256K words of 16 bits 
Read-Modify-Write (RMW) Display Memory cycles in 
under 800ns 
Dynamic RAM refresh cycles for nonaccessed memory 
LJ Light Pen Input 
(] External video synchronization mode 
C Graphics Mode 
Four megabit, bit-mapped display memory 
(| Character Mode 
8K character code and attributes display memory 
_] Mixed Graphics and Character Mode 
64K if all characters 
1 megapixel if all graphics 
C] Graphics Capabilities 
Figure drawing of lines, arc/circles, rectangles, and 
graphics characters in 800ns per pixel 
Display 1024-by-1024 pixels with 4 planes of color 
or grayscale 
Two independently scrollable areas 
C1 Character Capabilities 
Auto cursor advance 
Four independently scrollable areas 
Programmable cursor height 
Characters per row: up to 256 
Character rows per screen: up to 100 


CRT 7220 
CRT 7220-1 
CRT 7220-2 






PIN CONFIGURATION 


2xWCLK 
DBIN 
HSYNC 
V/EXT SYNC 
BLANK 

ALE 

DRQ 

DACK 

RD 


WR 
AO 11, 
DBO 


DB1 


40: Voc 
39. A17 
38 A16 . 
37 AD15 
36 AD14 
35 AD13 
34 AD12 
33 AD11 
32 AD10 
31 AD9 
30 AD8 
29 AD7 
28 AD6 
DB2 27 ADS 
DB3 “26 AD4 
DB4 125 AD3 
DBS "324 AD2 
DB6 23 AD1 
DB7 22 ADO 
21 LPEN 


OOMON OA hwWP = 


PACKAGE: 40-pin D.I.P. 


L] Video Display Format 
Zoom magnification factors of 1 to 16 
Panning 
Command-settable video raster parameters 
_] Technology 
L] Single +5 volt Power Supply 
|] COPLAMOS® n-Channel Silicon Gate Technology 
L] DMA Capability 
Bytes or word transfers 
4 clock periods per byte transferred 


GENERAL DESCRIPTION 


The CRT 7220 Graphics Display Controller (GDC) is an 
intelligent microprocessor peripheral designed to be the 
heart of a high-performance raster-scan computer graph- 
ics and character display system. Positioned between the 
video display memory and the microprocessor bus, the GDC 
performs the tasks needed to generate the raster display 
and manage the display memory. Processor software over- 
head is minimized by the GDC’s sophisticated instruction 
set, graphics figure drawing, and DMA transfer capabilities. 
The display memory supported by the GDC can be config- 
ured in any number of formats and sizes up to 256K 16-bit 
words. The display can be zoomed and panned, while par- 
titioned screen areas can be independenily scrolled. With 
its light pen input and multiple controller capability, the GDC 
is ideal for advanced computer graphics applications. 


The GDC is designed to work with a general purpose micro- 
processor to implement a high-performance computer 
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graphics system. Through the division of labor established 
by the GDC’s design, each of the system components is 
used to the maximum extent through a six-level hierarchy 
of simultaneous tasks. At the lowest level, the GDC gen- 
erates the basic video raster timing, including sync and 
blanking signals. Partitioned areas on the screen and 
zooming are also accomplished at this level. At the next level, 
video display memory is modified during the figure draw- 
ing operations and data moves. Third, display memory 
addresses are calculated pixel by pixel as drawing pro- 
gresses. Outside the GDC at the next level, preliminary cal- 
culations are done to prepare drawing parameters. At the 
fifth level, the picture must be represented as a list of graph- 
ics figures drawable by the GDC. Finally, this representa- 
tion must be manipulated, stored, and communicated. By 
handling the first three levels, the GDC takes care of the 
high-speed and repetitive tasks required to implement a 
graphics system. 
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_CRT 9007 


[PC FAMILY 


CRT Video Processor and Controller 
VPAC™ 


FEATURES 


C) Fully Programmable Display Format 
Characters per Data Row (8-240) 
Data Rows per Frame (2-256) 
Raster Scans per Data Row (1-32) 
C0 Programmable Monitor Sync Format 
Raster Scans/Frame (4-2048) 
Front Porch— Horizontal (Negative or Positive) 
— Vertical 
Sync Width — Horizontal (1-128 Character Times) 
— Vertical (2-256 Scan Lines) 
Back Porch— Horizontal 
— Vertical 
C Direct Outputs to CRT Monitor 
Horizontal Sync 
Vertical Sync 
Composite Sync 
Composite Blanking 
Cursor Coincidence 
C) Binary Addressing of Video Memory 
C] Row-Table Driven or Sequential Video Addressing Modes 
(C] Programmable Status Row Position and Address Registers 
C Bidirectional Partial or Full Page Smooth Scroll 
CD Attribute Assemble Mode 
C Double Height Data Row Mode 
C) Double Width Data Row Mode 
(] Programmable DMA Burst Mode 
C Configurable with a Variety of Memory. Contention 
Arrangements 
O Light Pen Register 
C1 Cursor Horizontal and Vertical Position Registers 
C) Maskable Processor Interrupt Line 
CJ Internal Status Register 
0) Three-state Video Memory Address Bus 
() Partial or Full Page Blank Capability 
C] Two Interlace Modes: Enhanced Video and Alternate 
Scan Line 





PIN CONFIGURATION 


40 GND 

39 VAQ 

38 VA1 

37 VA8 

36 VAO 

35 CBLANK 

34 CURS 

33 ACK/TSC. 

32 CSYNC/LPSTB 

31 SLD/SLO 

30 S[G/SL1 

29 WBEN/SL2/CSYNCT 
28 DMAR/SL3/VBLANK 
27 INT 

26 RST 

2565 

24 VDO 

23VD1 

22 VD2 

21 +5V 


CZ Ability to Delay Cursor and Blanking with respect to 
Active Video 

CL] Programmable for Horizontal Split Screen Applications 

C1 Graphics Compatible 

CJ Ability to Externally Syne each Raster Line, each Field 

O) Single +5 Volt Power Supply 

(J TTL Compatible on All Inputs and Outputs 


- (1 VT-100 Compatible 


CJ RS-170 Interlaced Composite Sync Available 


GENERAL DESCRIPTION 


The CRT 9007 VPAC™ is a next generation video processor/ 
controller-—an MOS LSI integrated circuit which supports either 
sequential or row-table driven memory addressing modes. As 
indicated by the features above, the VPAC™ provides the user 
with a wide range of programmable features permitting low cost 
implementation of high performance CRT systems. Its 14 address 
lines can directly address up to 16K of video memory. This is 
equivalent to eight pages of an 80 character by 24 line CRT dis- 
play. Smooth or jump scroll operations may be performed any- 
where within the addressable memory. In addition, status rows 
can be defined anywhere on the screen. 

In the sequential video addressing mode, a Table Start Register 
points to the address of the first character of the first data row on 
the screen. It can be easily changed to produce a scrolling effect 
on the screen. By using this register in conjunction with two aux- 
iliary address registers and two sequential break registers, a screen 
roll can be produced with a stable status row held at either the first 
or last data row position. 
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In the row-table driven video addressing mode, each row in the 
video display is designated by its own address. This provides the 
user with greater flexibility than sequential addressing since the 
rows of characters are linked by pointers instead of residing in 
sequential memory locations. Operations such as data row 
insertion, deletion, and replication are tieieg = accomplished b 
manipulating pointers instead of entire lines. The row table itself 
can be stored in memory in a linked list or in a contiguous format. 
The VPAC™ works with a variety of memory contention schemes 
including operation with a Single Row Buffer such as the CRT 9006, 
a Double Row Buffer such as the CRT 9212, or no buffer at all, in 
which case character addresses are output during each display- 
able scan line. 

User accessable internal registers provide such features as light 
pen, interrupt enabling, cursor eeahaa and VPAC™ status. 
Ten of these registers are used for screen formatting with the abi- 
lity to define over 200 characters per data row and up to 256 data 
rows per frame. These 10 registers contain the “vital screen 
parameters”. 
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CHAR/HORIZ PERIOD: CURSOR, BLANK SKEW 
CHAR/DATA ROW DATA ROWS/FRAME 
HORIZ DELAY SCAN LINES/DATA ROW 


HORIZ SYNC WIDTH SCAN LINES/FRAME 


VERT SYNC WIDTH DMA BURST, DELAY COUNT 
‘SMOC’ DATA ROW END 
VERTICAL. DELAY EIN SOMIGUASTION RES 


VD7-@ DATA BUS 


ATTRIBUTE AUXILIARY ADDRESS AUXILIARY ADDRESS TABLE START HORIZONTAL VERTICAL LIGHT PEN 
LATCH REGISTER 1 REGISTER 2 REGISTER CURSOR CURSOR REGISTER 


ee a ees Be 
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INTERNAL VIDEO ROW TABLE POINTER tf 
ADDRESS REGISTER REGISTER 


14 BIT ADDRESS BUS 








SL2/WBEN/CSYNC 
fet Sui SiG 

SLO/SLD. 

VLT 

ORB 


VA13-0 x | Et 
TSC/ACK Rl TIMING 
AND ; 
REGISTER SLO/DMARVBLANK 
vecooe [> SELECT CONTROL 


FIGURE 1: CRT 9007 BLOCK DIAGRAM 


DESCRIPTION OF PIN FUNCTIONS 
PROCESSOR INTERFACE: 


PIN NO. NAME SYMBOL 


7, 5, 4, 2,39, | Video Address VA13-VAO 
37, 10,9, 8, 6, 
| 3, 1,38, 36 







FUNCTION 


These 14 signals are the binary address presented to the video memory by the CRT 9007. 
The function depends on the particular CRT 9007 mode of operation. VA13-6 are outputs 
only. VA5-0 are bidirectional. 

—Double Row Buffer Configuration: 

VA13-0 are active outputs for the DMA operations and are in their high impedance state at 
all other times. 

—Single Row Buffer Configuration: 

VA13-0 are active outputs during the first scan line of each data row and are in their high 
impedance state at all other times. 

—Repetitive Memory Addressing Configuration: 

VA13-0 are active outputs at all times except during horizontal and vertical retrace at which 
time they are in their high impedance state. 

If row table addressing is used for either single row buffer or repetitive memory addressing 
modes, VA13-0 are active outputs during the horizontal retrace at each data row boundary to 
allow the CRT 9007 to retrieve the row table address. For processor read/write operations 
VA5-0 are inputs that select the appropriate internal register. 


16, 17, 18, 19, | Video Data 7-0 VD7-VDO Bidirectional video data bus: during processor Read/write operations data is transferred via 
| 20, 22, 23, 24 | | VD7-VDO when chip strobe (CS) is active. These lines are in their high impedance state 

















when CS is inactive. During CRT 9007 DMA operations, data from video memory is input via 
| | VD7-VDO when a new row table address is reat rule or when the attribute latch is being 

updated in the attribute assemble mode. VD7-VD0 are outputs when the external row buffer 
is updated with a new attribute in the attribute assemble mode. 


Input; this signal when active low, allows the processor to read or write internal CRT 9007 
regisiers. When reading from an internai CRT 9007 register, ihe chip strobe (CS) enabies the 
output drivers. When writing to an internal CRT 9007 register, the trailing edge of this signal 
latches the incoming data. ious 2 shows all processor read/write timing. 


Input; this active low signal puts the CRT 9007 into a known, inactive state and insures 
that the horizontal sync (HS) output is inactive. Activating this input has the same effect as a 
RESET command. After initialization, a START command causes normal CRT 9007 opera- 
tion. See processor addressable registers section, Register 16 for the reset state definition. 


Output; an interrupt to the processor from the CRT 9007 occurs when this signal is active 
high. The interrupt returns to its inactive low state when the status register is read. 
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CRT INTERFACE: 


PINNO.: | NAME 
11 Visible Line Time 


Vertical Sync 


Horizontal Syne 


Character Clock 







Data Row 
Boundary 


34 Cursor 





35 Composite Blank 














DESCRIPTION OF PIN FUNCTIONS CONT’D 


SYMBOL FUNCTION 


Output; this signal is active high during all visible scan lines and during the horizontal trace 
times at vertical retrace. This signal can be used to gate the character clock (CCLK) when 


VLT 

















CURS 


CBLANK 





USER SELECTABLE PINS: (see Tables 4 and 5) 





supplying data to a character generator from a single or double row buffer. 


Open drain output; this signal determines the vertical position of displayed text by initiating a 
vertical retrace. Its position and pulse width are user programmable. The open drain allows 
the vertical frame rate to be synchronized to the line frequency when using monitors with DC 
coupled vertical amplifiers. If the VS output is pulled active low extemally before the CRT 
9007 itself initiates a vertical sync, the CRT 9007 will start its own vertical sync at the next 
leading edge of horizontal sync (HS). 


Open drain output; this signal determines the horizontal position of displayed text by initiating 
a horizontal retrace. lts position and pulse width are user programmable. During hardware 
and software reset, this signal is inactive high. The open drain allows the horizontal scan rate 
to be synchronized to an external source. If the HS output is pulled low externally before the 
CRT 9007 itself initiates a horizontal sync, the CRT 9007 will start its own horizontal syne on 
the next character clock (CCLK). 


Input; this signal defines the character rate of the screen and is used by the CRT 9007 for 
all internal timing. A minimum high voltage of 4.3V must be maintained for proper 

chip operation. eae 

Output: this signal is active low for one full scan line (from VLT trailing edge to VLT trailing 
edge) at the top scan line of each new data row. This signal can be used to swap buffers in 
the double row buffer mode. It indicates the particular horizontal retrace time that the CRT 
9007 outputs addresses (VA13-VA0O) for single row buffer operation. There will always 
be one extra DRB signal which will become active during the first scan line of the vertical 
retrace interval. “ 










Output; this signal marks the cursor position on the screen as specified by the horizontal and 
vertical cursor registers. The signal is active for one.character time at the particular character 
position for all scan lines within the data row. For double height or width characters, this sig- 
nal is active for 2 consecutive CCLK’s in every scan line within the data row. For double 
height characters, this signal can be programmed to be active at the proper position for 2 
consecutive data rows. 

CURS is also used to signal either a double height or double width data row by becoming 
active during the horizontal retrace (CBLANK active) prior to a double height or double width 
scan line. The time of activation and deactivation is a function of the addressing mode, buffer 
configuration and the scan line number. See section of Double height/width for details. 


Output. This signal when active high, indicates that a retrace (either horizontal or vertical) will 
be performed. The signal remains active for the entire retrace interval as programmed. It is 
used to blank the video to a CRT. 





| PINNO. | NAME SYMBOL | FUNCTION . 


Output; these 4 signals are the direct scan line counter outputs, in binary form, that indicate 
. tathe character generator the current scan line. These signals continue to be updated 
during the vertical retrace interval. SL3 and SLO are the most and least significant 


28, 29, 30, 31 | Scan Line 3- 
Scan Line 0 


Direct Memory 
Access Request 





28 Vertical Blank 
Write Buffer 


SL3-SLO 


bits respectively. 

Output; this signal is ihe DMA request issued by the CRT 9007. It will only become active if 
the acknowledge (ACK) input is inactive. It remains active high throughout the entire 

DMA operation. 


VBLANK Output; this signal is active high only during the vertical retrace period. 


Output; this active high signal is used to gate the clock feeding the write buffer in a double 





Enable 
29 or 32 Composite Sync 


30 Scan Line Gate 


31 Scan Line Data 





Light Pen Strobe 


Acknowledge 


Three State 
Control 














row buffer configuration. 


Output; this signal provides a true RS-170 composite sync waveform with equalization pulses 
and vertical serrations in both interlace and noninterlace formats. Figure 3 illustrates the 
CSYNC output in both interlaced and noninterlaced formats. 


Output; this active low signal is used as a clock gate. It captures the correct 5 or 6 CCLK’s 
and, in conjunction with SLD (pin 31), allows scan line information to be loaded serially into 
an external shift register. 


Output; this signal allows one to load an external shift register with the current scan line 
count. The count is presented least significant to most significant bit during the 5 or 6 CCLK’s 
framed by SLG. With this form of scan line representation, it is possible to define up to 32 
scan lines per data row. 

The external shift register must be at least 5 bits in length. Even though 6 shifts can occur 
one should only use the 5 last bits shifted to define the scan line count. The extra shift occurs 
in interlace or double height character mode to allow the scan line count to be adjusted to its 
proper value. Figures 4 and 5 illustrate the serial scan line timing. 


input; this signal strobes the current row/column position into the light pen register at its posi- 
tive transition. : 


Input; this active high signal acknowledges a DMA request. It indicates that the processor _ 
bus has entered its high impedance state and the CRT 9007 may access video memory. It is 





not recommended to deactivate this signal during a CRT 9007 DMA cycle because the CRT 
9007 will not shut down in a predictable amount of time. 


Input; this signal, when active low, places VA13-VAQ in their high impedance state. 
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OPERATION MODES 


Single Row Buffer Operation 


The CRT 9007 configured with a CRT 9006 Single Row 
Buffer is shown in figure 6. The use of the CRT 9006 Single 
Row Buffer requires that the buffer be loaded at the video 
painting rate during the top scan line of each data row. How- 
ever, after the CRT 9006 is loaded, the CRT 9007 address 
lines enter their high impedance state for the remaining N- 
1 scan lines of the data row, thereby permitting full proces- 


MEMORY 
- - ROM 


RAM 
VIDEO RAM 


DOUTT-@ 


Row BUFFER 


sor access to memory during these scan lines. The per- 
centage of total memory cycles available to the processor 
is approximately [(N-1)/N] x 100 where N is the total num- 
ber of scan lines per data row. For a typical system with 12 
scan lines per data row this percentage is 92%. Figure 7 
illustrates typical timin ae for the CRT 9007 used with the CRT 
9006 Single Row Bu 


T 
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R 


CHARACTER/ATTRIBUTES 
GENERATOR 


FIGURE 6: CRT 9007 CONFIGURATION WITH SINGLE ROW BUFFER 
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FIGURE 7: CRT 9007 SINGLE ROW BUFFER TIMING (32 CHARACTERS PER DATA ROW) 
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Double Row Buffer Operation 


ee 8 shows the CRT 9007 used in conjunction with a 
CRT 9212 Double Row Buffer. The Double Row Buffer has 
a read buffer which is read at the painting rate of the CRT 
during each scan line in the data row. While the read buffer 
is being read and supplying data to the character generator 
for the current displayed data row, the write buffer is being 
loaded with the next data row to be displayed. This 
arrangement allows for relaxed write timing to the write buffer 
as it may be filled in the time it takes for N scan lines on the 
CRT to be painted where N is the number of scan lines per 
data row. Used in this configuration, the CRT 9007 takes 
advantage of the relaxed write buffer timing by stealing 
memory cycies from the processor to fill the write buffer 
(Direct memory access operation). The CRT 9007 sends 
the DMAR (DMA request) signal, awaits an ACK (acknowl- 
edge) signal and then drives out on VA13-VA0 the address 
at which the next video data resides. The CRT 9007 then 
activates the WBEN (write buffer enable) signal to write the 
data into the buffer. If for example there are 80 characters 
per data row, the CRT 9007 performs 80 DMA operations. 
The user has the ability to program the number of DMA cycles 
performed during each DMAR-ACK sequence, as well as 


MEMORY 
ROM 


RAM 
VIDEO RAM 





WCLK WEN TOG CLRCNT REN ACLK 


catgzi2 9 OOT?* 


DOUBLE 
ROW BUFFER 








DIN 7-8 


the delay between each DMAR-ACK sequence, via the DMA 
CONTROL REGISTER (RA). If 8 DMA operations are 
performed for each ACK received, 10 such DMAR-ACK 
sequences must be performed to completely fill the write 
buffer. The programmed delay allows the user to evenly 
distribute the DMA operations so as not to hold up the pro- 
cessor for an excessive length of time. This feature also 
permits other DMA devices to be used and allows the pro- 
cessor to respond to real time events. In addition, the user 
has the ability to disable the CRT 9007 DMA mechanism. 
Figure 9 illustrates typical timing for the CRT 9007 used with 
the CRT 9212 Double Row Buffer. 


Since the CRT 9212 Double Row Buffer has separate inputs 
for read and write clocks (RCLK, WCLK), it is possible to 
display proportional character widths (variable number of 





dots per character) by reading out the buffer at a character 


clock rate determined by the particular character. The writ- 

ing of the buffer can be clocked from a different and con- 

stant character clock. Figure 10 illustrates the CRT 9007 

used with two double row buffers and a CRT 9021 Video 

peice Controller chip to provide proportional character 
isplay. 
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FIGURE 8: CRT 9007 CONFIGURATION WITH DOUBLE ROW BUFFER 
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FIGURE 9: CRT 9007 DOUBLE ROW BUFFER TIMING (32 CHARACTERS PER DATA ROW) 
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FIGURE 10: CRT 9007 CONFIGURATION FOR PROPORTIONAL CHARACTER DISPLAY 
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Repetitive Memory Addressing Operation 


In this operation mode, the CRT 9007 will repeat the 
sequence of video addresses for every scan line of every 
data row. The CRT 9007 address bus will enter its high 
impedance state during all horizontal retrace intervals 
(except the retrace interval at a data row boundary if the 
CRT 9007 is configured in a row driven addressing mode). 
This arrangement allows for such low end contention 
schemes as retrace intervention (the processor is only 
allowed access to video memory during retrace intervals) 


OE 3X DRIVER 


3X BIDIRECTIONAL 
DRIVER 


VIDEO 
RAM 


vor 
o SL3-SLB 
VDC LD/SH A3-RB 


VIDEO 


RAM 
ADDRESS PROCESSOR PROCESSOR 


and processor priority (the processor has an unlimited 
access to video memory). A high end contention scheme 
can be employed which uses a double speed memory such 
that in a single character period both the processor and the 
CRT 9007 are permitted access to video memory at pre- 
determined time slots. Figure 11 illustrates the CRT 9007 
configured with a double speed memory. Typical timing for 
this mode is illustrated in figure 12. 


INT - RST 


DOA-ZOZ OA 


CURSOR RETBL 


ATTRIBUTES 
CRT 8002 
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FIGURE 11: CRT9007 CONFIGURATION WITH DOUBLE SPEED MEMORY 
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FIGURE 12: CRT 9007 REPETITIVE MEMORY ADDRESS TIMING (32 CHARACTERS PER DATA ROW) 
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SECTION V 





Attribute Assemble Operation 

This configuration allows the user to retain an 8 bit wide video 
memory in which attributes occupy memory locations but Memory Address (typ) Memory Data (6 bits) 
not positions on the CRT. This mode assumes that every 
other display position in video memory contains an attri- 

bute. During one clock cycle, attribute data is latched into 
the CRT 9007; during the next clock cycle a character loca- 


tion is addressed. The attribute data is driven out along with Character 0 
a WBEN signal allowing the character plus its associated 
attribute to be written simultaneously to two 8 bit double row 


buffers. Figure 13 illustrates the memory organization used 
for the Attribute Assemble mode. The first entry in each data 
row must begin with an attribute. 0 


Figure 14 shows the CRT 9007 configured in the Attribute 
Assemble mode used with two CRT 9212 Double Row 
Buffers and 8, 16Kx1 dynamic RAMS. This mode, since it 


0 
rh 
retains an 8 bit wide memory while providing all the advan- 
tages of a 16 bit wide memory, lends itself to some cost 


effective designs using dynamic RAMS. The CRT 9007 will 
refresh dynamic RAMS because twice the number of the 
programmed characters per data row are accessed 
sequentially for each data row.* Figure 15 illustrates typical 
timing of the CRT 9007 used in the Attribute Assemble mode. 


Figure 13: Attribute Assemble Memory Organization 





*Note: For 50 Hz operation there usually is about 3 milliseconds extra vertical blanking where refreshing might fail. In this situation the 
CRT 9007 can be programmed with about 5 more “dummy” data rows while extending the vertical blank signal. This allows 
the CRT 9007 to start addressing video memory much earlier within the vertical blanking interval and hence provide refresh to 
the dynamic RAMS. When displaying double height or double width data rows, only half as many sequential locations are 
accessed each data row and dynamic RAM refresh might fail. 
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FIGURE 14: CRT 9007 CONFIGURATION FOR ATTRIBUTE ASSEMBLE MODE 
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Smooth Scroll Operation 


Smooth scroll requires that all or a portion of the screen move 
up or down an integral number of scan lines at atime. 2 user 
programmable registers allow one to define the “start data 
row” and the “end data row” for the smooth scroll opera- 
tion. A SMOOTH SCROLL OFFSET REGISTER (R17), 
when used in conjunction with a CRT 9007 vertically timed 
interrupt, allows the user to synchronize the update of the 
offset register to the vertical frame rate. The offset register 
causes the scan line counter outputs of the CRT 9007 to 
start at the programmed offset value rather than zero for 


“ls Jol] Dic = = 
ade sds 
Fs Bad ald fed el Fed Pea Ba [ed fo 
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cy] fo] |e 
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AARZ LOW 


the data row that starts the smooth scroll interval. To allow 
complete flexibility in smooth scroll direction and rate, one 
can update the offset register in the positive as well as neg- 
ative direction and can also offset any number of scan lines 
each frame. Since a smooth scroll can momentarily result 
in a partial data row consisting of one scan line, the loading 
of the write buffer under DMA operations for the start and 
end data row of the smooth scroll operation is forced to occur 
in one scan line. This condition overrides the programma- 
ble DMA CONTROL REGISTER (RA). 


E: 
Pd Ba Bab “4S 
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“DMA cycles will always end at a character fetch 


FIGURE 15: CRT 9007 ATTRIBUTE ASSEMBLE TIMING (32 CHARACTERS PER DATA ROW) 
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FIGURE 24: ACK, TSC TIMING 


259 


SECTION V 





ADDRESSING MODES 


Row Table Addressing 


In this addressing mode, each data row in video memory is 
designated by its own starting address. This provides greater 
flexibility with respect to screen operations than with other 
addressing schemes used by previous CRT controllers. The 
row table, which is a list of starting addresses for each data 
row, can be configured in one of 2 ways. The choice of row 
table format is highly dependent upon the particular appli- 
cation and the programmer's preference since each format 
allows full utilization of the CRT 9007 features. 


Contiguous Row Table Format 


In this format, the TABLE START REGISTER (RC and RD) 
points to the address where the row table begins. The con- 
tents of the first 2 locations define the starting address of 
the first data row. These 2 bytes define a 14 bit address where 
the first byte is the low order 8 bits and the second byte is 
the high order 6 bits. The 2 most significant bits of the sec- 
ond byte define double height/width characteristics to the 
current data row. The contents of the third and fourth loca- 
tions define the address where the second data row begins. 
Figure 16 illustrates the contiguous row table organization 
in video memory. 


Linked List Row Table Format 


In this format the TABLE START REGISTER (RC and RD) 
points to the memory location which starts the entire 
addressing sequence into operation. The first byte read is 
the lower 8 bits and the second byte read is the upper 6 bits 
of the next data row’s start address. The 2 most significant 
bits of the second byte define double height/width charac- 
teristics for the data row about to be read. The third, fourth, 
fifth, etc., bytes read are the first, second, third, etc., char- 
acters of the current data row. Figure 17 illustrates the linked 
list row table organization in video memory. 


Table Start Register 


1st Char 
2nd Char 


Last Char 


FIGURE 16: 
CONTIGUOUS ROW TABLE ADDRESS FORMAT 
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Row table address for third data row 


Row table address for second data row 


SSS 


[eye T[ye2 | eves Teve4T 000 [ven] 
RSS 


characters for first data row 
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FIGURE 17: LINKED LIST ROW TABLE ADDRESS FORMAT 








Sequential Addressing! 


in this addressing mode, characters on the display screen 
are located in successive memory locations. The TABLE 
START REGISTER (RC and RD) points to the address of 
the first character of the first data row on the screen. In this 
mode the TABLE START REGISTER does not point to the 
Start of a table but the start of the screen. As each character 


is read by the CRT 9007 for display refresh, the internal video 
address waAmiaéas in in aAwamn mined lL. ee eee 


$5 register is incremented Sy one to access ihe next 
character. 


For more versatile systems operation in the sequential 
addressing mode, SEQUENTIAL BREAK REGISTER 1 
(R10) and SEQUENTIAL BREAK REGISTER 2 (R12) may 
be used to define the data rows at which two additional 


‘SEQUENTIAL BREAK 2 is not functional in the repetitive memory addressing mode. It is fully functional in all other operation modes. 
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sequential display areas begin. Note that DATA ROW END 
REGISTER (R12) is defined as SEQUENTIAL BREAK 
REGISTER 2 (R12) for the sequential addressing mode only. 
The starting addresses for these two additional display areas 
are defined by AUXILIARY ADDRESS REGISTER 1 (RE 
and RF) and AUXILIARY ADDRESS REGISTER 2 (R13 and 
R14). When the raster begins painting a data row equal to 
the number programmed in one of the sequential break 
registers, the CRT 9007 addresses the video memory 
sequentially starting with the address specified by the cor- 
responding auxiliary address register. Figure 18 illustrates 
a display with 80 characters per data row having sequential 
breaks at data rows 3 and 6. 


Using the sequential addressing mode with 2 breaks, it is 
possible to roll a portion of the screen and keep the rest of 
the screen stable. Double height/width characteristics can 
be attached to the 2 sequentially addressed screens defined 
by SEQUENTIAL BREAK REGISTERS 1 and 2 by using the 
2 most significant bits of AUXILIARY ADDRESS REGIS- 
TERS 1 and 2. See the description of these.2 registers for 
their bit definition. 


TABLE START REGISTER = 1000 
AUXILIARY ADDRESS REGISTER 1 
AUXILIARY ADDRESS REGISTER 2 
SEQUENTIAL BREAK REGISTER 1 
SEQUENTIAL BREAK REGISTER 2 


Data Row Address range 

1000 io 104 F 

1050 to 109F 

10A@ to 10EF 

2000 to 204F (Break 1) 
2050 to 209F 

20A0 to 20EF 

0800 to 084F (Break 2) 
0850 to O89F 

O8A0 to O8EF 


.e) 
1@) 


Figure 18: peauenta) Addressing Example 
ith Two Breaks . e 
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Double Height/Width Operation 


When double height/width characters (2XH/2XW) are dis- 
played, the following will occur: 


1. the CRT 9007 will address half as many characters for 
each data row by incrementing its address every other 
character clock. 


2. the high speed video shift register supplying serial video 
to the CRT must shift out dots at half frequency. 


3. For double height, the scan line counter outputs (SL3- 
SLO or SLG, SLD) are incremented every other scan 
line. 


The CRT 9007 is informed of the double height or double 
width display modes via the 2 most significant bits of the 
row table address or the 2 most significant bits of the AUX- 
ILIARY ADDRESS registers depending on the selected 
addressing mode. In any case, once the information is 
obtained by the CRT 9007, it must initiate the 3 tasks listed 
above. Tasks 1 and 3 are performed as appropriate and task 
2 is performed using the CURS output of the CRT 9007 dur- 
ing CBLANK (horizontal retrace) to signal the external logic 
that a change in the dot shift frequency is required. The exact 
time of activation and deactivation of the CURS signal dur- 
ing horizontal retrace is a function of addressing mode, 
operation mode and actual scan line number to be painted. 
Tables 1 and 2 show the cursor activation and deactivation 
times as a function of the buffer configuration and address- 
ing mode for the top scan line of a new data row. Tables 1 
and 2 assume a cursor skew of zero. A cursor skew will effect 
the cursor position during trace as well as retrace time. For 
all subsequent scan lines, the CURS signal is activated 3 
CCLK'’s after VLT trailing edge and stays active for exactly 
1 CCLK assuming no cursor skew. When the cursor is placed 
on a double height or double width data row, it will become 
active for 2 CCLK’s to allow the cursor to be displayed as 
double width. Ifthe cursor position is programmed to reside 


ADDRESSING MODE 


Row Driven (linked list 

or contiguous) Sequential 
Repetitive Memory |1 CCLK after high byte |1 CCLK after TSC 
Addressing of row table read leading edge 

1 CCLK after high byte [1 CCLK after TSC 
of row table read leading edge 


1 CCLK after high byte |1 CCLK after ACK 
of row table read leading edge 


Table 1: Double Height/Width CURS activation for top scan 
line of new data row. 












OPERATION 
MODE 




















Single row buffer 








Double row buffer 


in the top half of a double height data row, it may become 
active for all scan lines in both the current and next data row 
to allow the cursor to be displayed as double height. 


For row driven addressing, a particular data row or pair of 
data rows can appear in one of the following ways as a 
function of the two most significant bits of the row table 
address (bits 15 and 14). 


—Single height, single width (Row table address bits 15, 
14 = 00). The CRT 9007 will display the particular data 
row as single height, single width. 


—Single height, double width (Row table address bits 15, 
14 = 01). The CRT 9007 will display the particular data 
row as single height double width by accessing half as 
many characters as appear in a single width data row. 
The CURS signal becomes active during horizontal 
retrace in the manner described previously. - 


—Double height, double width top half (Row table address 
bits 15,14 = 10). In addition to providing the special tim- 
ing associated with single height double width data rows, 
the scan line counter is started from zero and incre- 
mented every other scan line until N scan lines are painted 
(Nis the number of scan lines per single height data row). 
In this way, new dot information appears every other scan 
line and the top half of the data row appears in N scan 
lines. 


—Double Height, Double Width Bottom Half (Row table 
address bits 15, 14 = 11)—Same as Double Height, 
Double Width Top except the scan line counter is started 
from N/2 (or (N-1)/2 if N is odd), and incremented every 
other scan line until N scan lines are painted. In single 
row buffer operation, a double height bottom data row 
can only stand alone during a smooth scroll operation; 
otherwise it is assumed to follow a double height top 
data row. 








OPERATION : ADERESSING ye 
MODE Row driven (linked list ; 
or contiguous) ___ Sequential 


Repetitive Memory 
Addressing 





at the leading edge of 
VLT 
at the leading edge of 
VLT 


at the teading edge of 
VLT 











at the leading edge of 
VLT 





Single row buffer 











1 CCLK afierleading {1 CCLK after leading 
Double row buffer _|edge of CURS edge of CURS 


Table 2: Double Height/Width CURS deactivation for top scan 
line of new data row. 
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PROCESSOR ADDRESSABLE REGISTERS 


All CRT 9007 registers are selected by specifying the 
address on VA5S-0 and asserting CS. All 14 bit registers are 
written or read as two consecutive 8 bit registers addressed 
low byte first. Only the VERTICAL CURSOR REGISTER 
and the HORIZONTAL CURSOR REGISTER are read/write 
registers with 2 different addresses for read or write oper- 
ations. The register address assigned to each register rep- 
resents the actual address in hexadecimal form that must 
appear on VA5-0. Figure 2 illustrates all processor to CRT 
9007 eget timing. Tables 3a, 3b, and 3c summarize all 
register bits and provide register addresses. 


HORIZONTAL TIMING REGISTERS 


The following 4 registers define the horizontal timing 
parameters. Figure 19 relates the horizontal timing to these 
registers. 

CHARACTERS PER HORIZONTAL PERIOD (RO) 
This 8 bit write only register, programmed in units of char- 
acter times, represents the total number of characters in 
the horizontal period (trace plus retrace time). This register 
is programmed with the binary number N where N is the 
total characters in the horizontal period. The horizontal period 
should not be programmed for less than 12 characters. 


CHARACTERS PER DATA ROW (R1) 
This 8 bit write only register, programmed in units of char- 


acter times, represents the number of displayable charac- 
ters during the horizontal trace interval. The difference RO 
minus R1 represents the number of character times reserved 
for horizontal retrace. This register is programmed with the 
binary number (N-1) where N is the displayable characters 
per data row. 


HORIZONTAL DELAY (R2) 


This 8 bit write only register, programmed in units of char- 
acter times, represents the time between the leading edge 
of horizontal sync and leading edge of VLT. This register is 
programmed with N where N represents the time of hori- 
zontal delay. By programming this time greater than the 
horizontal blank interval, one can obtain negative front porch 
(horizontal sync begins before the horizontal blank interval). 


HORIZONTAL SYNC WIDTH (R3) 


This 8 bit write only register defines the horizontal sync width 
in units of character times. The start of the sync pulse is 
defined by the HORIZONTAL DELAY REGISTER and the 
end is independent of the start of the active display time. 
This register is programmed with N where N is the horizon- 
tal sync width. However this register must be programmed 
less than or equal to [(A/2)-1] where A is the programmed 
contents of REGISTER @ rounded to the smallest even 
integer. 





VERTICAL TIMING REGISTERS 


The following 5 registers define the vertical timing param- 
eters. Figure 20 relates the vertical timing to these regis- 
ters. 


VERTICAL SYNC WIDTH (R4) 


This 8 bit write only register defines the vertical sync width 
in units of horizontal periods. The start of this signal is defined 
by the delay register (R5) and the end is independent of 
the start of the active display time. This register is pro- 
grammed with N where N is the vertical SYNC width. 
VERTICAL DELAY (R5) 

This 8 bit write only register, programmed in units of hori- 
zontal periods, represents the time between the leading edge 
of vertical sync and the leading edge of the first VLT after 


the vertical retrace interval. This register is programmed with 
(N+1) where N represents the time of the vertical delay. 


VISIBLE DATA ROWS PER FRAME (R7) 


This 8 bit write only register defines the number of data rows ° 


displayed on the screen. This register is programmed with 
(N-1) where N is the number of data rows displayed. 


SCAN LINES PER DATA ROW (R8) 


The 5 LSBs of this write only register define the number of 
scan lines per data row. These 5 bits are programmed with 
(N-1) where N is the number of scan lines per data row. When 
programming for scan lines per data Se than 16, 
only the serial scan line pin option (SLD, ) can be used. 


SCAN LINES PER VERTICAL PERIOD (R8; R9) 
Registers R9 and the 3 most significant bits of R8 define 
the number of scan lines for the entire frame. R8 contains 
the 3 most significant bits of the 11 bit programmed value 
and R9 contains the 8 least significant bits of the 11 bit pro- 
grammed value. The 11 bits are programmed with N where 
N is the number of scan lines per frame. In the 2 interlace 
modes, the programmed value represents the number of 
scan lines per field. 
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FIGURE 19: CRT 9007 HORIZONTAL TIMING 
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FIGURE 20: CRT 9007 VERTICAL TIMING 


PIN CONFIGURATION/SKEW BITS REGISTER (R6) 


This 8 bit write only register is used to select certain pin 
configurations and to skew (delay) the cursor and the blank 
signals independently with respect to the video signal sent 
to the monitor. The bits take on the following definition: 


Bit 7, 6 (Pin Configuration) 


These 2 bits, as illustrated in tables 4 and 5, define all pinout 
configurations as a function of double row buffer mode and 
non double row buffer mode. (The buffer mode is defined 
inthe CONTROL REGISTER bits 3, 2, and 1.) The attribute 
assemble mode is assumed to be a double row buffer mode 
and obeys table 4. 


Bits 5, 4, 3 (Cursor skew) 


These three bits define the number of character clocks the 
cursor signal is skewed (delayed) from the VLT signal. The 






REGISTER Ré6 BITS CRT 9007 PIN NUMBER 


28 29 30 31 32 33 


7 6 
0 1 DMAR WBEN SLGSLD CSYNC ACK 
1 1 DMAR WBEN SLGSLD LPSTB ACK 
NOT PERMITTED 
_ NOTPERMITTED 


Table 4: Pin configuration for double row buffer and attribute 
assemble modes. | 





VLT signal is active for all characters within a data row and 
anon skewed cursor will always become active within the 
active VLT time at the designated position. The cursor can 
be skewed from 0 to 5 character clocks (Bits 5, 4 and 3 pro- 
grammed from 000 to 101, bit 5 is the most significant bit; 
bit 3 is the least significant bit). For double height/width data 
rows, the cursor signal appearing during horizontal retrace 
is also skewed as programmed. 


Bits 2, 1, 0 (Blank skew) 


These three bits define the number of character clocks the 
horizontal blank component of the CBLANK signal is skewed 
(delayed) from the VLT signal. The edges of VLT will line up 
exactly with the edges of the horizontal component of the 
CBLANK signal if no skew is programmed. The CBLANK 
can be skewed from 0 to 5 character clocks (Bits 2, 1 andO 
programmed from 000 to 101, bit 2 is the most significant 
bit; bit O is the least significant bit). 


REGISTER6 BITS CRT 9007 PIN NUMBER 
7 28 29 30 31 32 33 


SL3 © SL2  SL1 SLO CSYNC TSC 
SL3_ _SL2_ SL1 SLO LPSTB TSC 
VBLANK CSYNG SLGSLD LPSTB TSC 


0 NOT PERMITTED 


Table 5: Pin configuration for Single Row Buffer and Repetitive 
Memory Addressing Modes. 
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DMA CONTROL REGISTER (RA) 


This 8 bit write only register allows the user to set up aDMA 
burst count and delay as well as disable the DMA mecha- 
nism of the CRT 9007. The register bits have the following 
definition: 

Bit 7 (DMA Disable) 


Alogic one will immediately force the CRT 9007 DMA request 
to the inactive level and the CRT 9007 address bus (VA13- 
VAO) will enter its high impedance state. After enabling the 
DMA mechanism by setting this bit to a logic zero, a start 
command must be issued (see START COMMAND, R15). 


Bits 6, 5, 4 (DMA Burst Delay) 


These 3 bits define the number of clock delays (CCLK) 
between successive DMAR-ACK sequences. Bit 6 is the 
most and bit 4 is the least significant bit respectively. When 
programmed with a number N, the CRT 9007 will delay for 
4 (N+ 1) clock cycles before initiating another DMA request. 
If 111 is programmed, however, this will result in a zero delay 
allowing all characters to be retrieved from video RAM in 
one DMA burst regardless of the value programmed for the 
DMA burst count. 


Bits 3, 2, 1, 0 (DMA Burst Count) 


These 4 bits define the number of DMA operations in one 
DMAR-ACK sequence. Bit 3 is the most and bit 0 is the least 
significant bit respectively. When programmed with a num- 
ber N, the CRT 9007 will produce 4 (N + 1) DMA cycles before 
relinquishing the bus. When programmed with 0000, the 
minimum DMA Burst will occur (4 x 1=4) and when pro- 
grammed with 1111 the maximum DMA Burst will occur 
(4x 16 = 64). When bits 6, 5, and 4 are programmed with 
111, no DMA delay will occur and the Burst count will equal 
the number of programmed characters per data row as 
specified in R1. Refer to figures 9 and 15 which illustrate a 
DMA burst of 16 and a DMA delay of 8 for double row buffer 
and attribute assemble modes respectively. For single row 
buffer operation, no DMA delay is permitted and bits 6, 5, 4 
must be programmed with 000. 


CONTROL REGISTER (RB) 


This 7 bit write only register controls certain frame opera- 
tions as well as specifying the operation mode used. Inter- 
nal to the CRT 9007, this register is double buffered. Changes 
in the register are reflected into the CRT 9007 at a particular 
time during vertical retrace. This allows the user to update 
the CONTROL REGISTER at any time without running the 
risk of destroying the frame or field currently being painted. 
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The bits take on the following definition: 
Bit 6 (PB/SS) 


= 0; The smooth scroll mechanism is enabled per- 
mitting the SMOOTH SCROLL OFFSET REGIS- 
TER (R17) to be loaded in the scan line counter (SL3- 
0 or SLG, SLD signals) allowing for a scroll on the 
screen of a predetermined number of scan lines per 
frame or field. The starting and ending of the smooth 
scroll operation is defined by the DATA ROW START 
REGISTER (R11) and DATA ROW END REGIS- 
TER (R12) respectively. 


1; The page blank mechanism is enabied. The 
CBLANK signal is made active high for a continu- 
ous period of time starting and ending at the data 
row defined by the DATA ROW START REGISTER 
(R11) and DATA ROW END REGISTER (R12) 
respectively. 


row is retrieved from video memory. The address 
bus will enter its high impedance state in accord- 
ance with the DMA mechanism for address bus 
arbitration. 

100; (Single row buffer)—In this mode, during the 
first scan line of each data row, the CRT 9007 will 
address video memory, load the buffer and feed the 
character generator at the painting rate of the CRT. 
If the CRT 9007 is used in a row driven addressing 
mode, it will drive the address bus during the retrace 
period prior to the first scan line of each data row in 
order to retrieve the row table address. It will auto- 
matically enter the high impedance state at the end 
of the first visible scan line of each data row. If the 
CRT 9007 is used in a sequential addressing mode, 
it will drive the address bus only during the visible 
line time of the first scan line of each data row. 


111; (Attribute assembie)—In the attribute assem- 


Bits 5, 4 (Interlace)—these 2 bits define one of 3 displayed 
modes as illustrated in figure 21 


= 00; Non interlaced display 
= 10; Enhanced video interlace. This display mode will 


ble mode, character data and attribute data are 
shared in consecutive alternating byte locations in 
memory. When the CRT 9007 reads an attribute byte, 
it loads it into its internal attribute latch. During the 


produce an interlaced frame with the same dot 
information painted in adjacent odd/even scan lines. 


= 11; Normal video interlace. This display mode will 


produce an interlaced frame with odd scan lines of 
characters displayed in odd fields and even scan 
lines displayed in even fields. This mode can be used 
to allow the screen to show twice as many data rows 
at half the height since it effectively doubles the 
character density on the screen. 


next memory access, a character byte is fetched. 
At this time the CRT 9007 isolates its bus from the 
main system bus and outputs the previously latched 
attribute. A WBEN signal is produced during every 
character byte fetch to allow the character and its 
associated attribute to be simultaneously latched into 


. two double row buffers. This mode assumes that 


there exists twice as many byte locations as there 
are displayable character positions on the CRT. The 
first byte of every data row is assumed to be an 


= 01; This combination is not permitted. es sat Seiten eee 
Bits 3, 2, 1 (Operation modes): These 3 bits define the var- other combinations of the 7 
ious Sie onureton oe as follows: _TER bits 3, 2, 1 are not permitted. 
= 000; (Repetitive memory addressing)—In this mode Bit 0 (2XC/1XC): This bit allows for either single or double 
the address information (VA13-VAO) appears dur- height cursor display when the cursor is placed within a 
ing every visible scan line and the address bus enters  Gouble height data row as follows: 
its high impedance state during all retrace intervals. = 1; (Single height cursor)—The CURS signal will 


When using a row driven addressing mode (linked 
list or contiguous), the address bus is in the high 
impedance state for all retrace intervals except the 
horizontal retrace interval prior to the top scan line 
of a new data row. This period can be distinguished 
from other retrace intervals because the DRB (data 
row boundary) signal is active. 

001; (Double row buffer)—lIn this mode, the CRT 
9007 will address a particular data row from video 
memory one data row prior to the time when it is 
displayed on the CRT. During vertical retrace, the 
first data row is retrieved and loaded into the double 
row buffer. At the next data row boundary (in this 
case at the end of vertical retrace), the first data row 
feeds the character generator while the second data 
CHARACTER 
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(a) NON-INTERLACE (b) ENHANCED 
VIDEO INTERLACE 


FIGURE 21: CRT 9007 INTERLACE MODES 
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CHARACTER 
SCAN LINE 


CHARACTER 
SCAN LINE 


Field Field 
(c) NORMAL VIDEO 


appear during every scan line for single height data 
rows and will appear only during the top half or bot- 
tom half of a double height data row depending upon 
where the VERTICAL CURSOR REGISTER (R18, 
R38) defines the CURSOR data row. 


0; (Double height cursor)—lf the VERTICAL CUR- 
SOR REGISTER (R18, R38) places the cursor in 
the top half of a double height data row, the CURS 
signal will appear during every scan line of the top 
haif (the current data row) and the bottom half (the 
next data row) of the double height data row. If the 
cursor is placed in the bottom half of a double height 
data row or if itis placed in a single height data row, 
the CURS signal will only appear during the one 
particular data row. 


























INTERLACE 





TABLE START REGISTER (RC AND RD) 


This 16 bit write only register contains a 14 bit address which 
is used in a variety of ways depending on the addressing 
mode chosen; the 2 remaining bits define the addressing 
mode. Register C contains the lower 8 bits of the 14 bit 
address. The 6 least significant bits of register D contain 
the upper 6 bits of the 14 bit address. The 2 most significant 
bits of register D define four addressing modes as follows: 


Register D bits 7, 6: 

= 00; (Sequential addressing mode)—The CRT 9007 
will address video memory in a sequential fashion 
starting with the 14 bit address contained in REG- 
ISTER D bits 5-0 and REGISTER C bits 7-0. 2 
sequential breaks are allowed as defined by 
SEQUENTIAL BREAK 1 (R10) using AUXILIARY 
ADDRESS REGISTER 1 (RE and RF) and 
SEQUENTIAL BREAK 2 (R12) using AUXILIARY 
ADDRESS REGISTER 2 (R13 and R14). 


= 01; (Sequential roll addressing mode)—The CRT 
9007 will address video memory in a. sequential 
fashion starting with the 14 bit address contained in 
REGISTER D bits 5-0 and REGISTER C bits 7-0. 
SEQUENTIAL BREAK REGISTER 1 and AUXIL- 
IARY ADDRESS REGISTER 1 can be used to cause 
one sequential break as described in the sequential 
addressing mode. A second break in the sequential 
addressing can be defined by SEQUENTIAL BREAK 
REGISTER 2 (R12) and AUXILIARY ADDRESS 
REGISTER 2 (R13 and R14) permitting up to 3 sep- 
arate sequentially addressed screens to be painted. 


= 10; (Contiguous row table mode)—The CRT 9007 
will address video memory according to the contig- 
uous row table format. The 14 address bits con- 
tained in REGISTER D bits 5-0 and REGISTER C 
bits 7-0 define an address that points to the begin- 
ning of the contiguous row table. 


= 11; (Linked list row table mode)—The CRT 9007 will 
address video memory according to the linked list 
row table format. The 14 address bits contained in 
REGISTER D bits 5-0 and REGISTER C bits 7-0 
define the address at which the second row table 
entry and the first data row reside. 


AUXILIARY ADDRESS REGISTER 1 (RE and RF). 


This 16 bit write only register contains a 14 bit address. The 
6 least significant bits of REGISTER F. contain the upper 
order 6 bits of the 14 bit address and REGISTER E contains 
the 8 lower order bits of the 14 bit address. When the cur- 
rent data row equals the value programmed in SEQUEN- 
TIAL BREAK REGISTER 1 (R10) the remainder of the screen 
is addressed sequentially starting at the 14 bit address 
specified in this register. This sequential break overrides 
ae row driven addressing mode used prior to the sequen- 
tial break. — , , ue te 


The 2 most significant bits of REGISTER F allow one to 
attach double height and/or double width characteristics to 
every data row in this sequentially addressed area in the 
following way: ‘ 


For Double row buffer or attribute assemble mode. REG- 
ISTER F Bits 7, 6 a 

= 00; single height single width 

= 01; single height double width 

= 10; even data rows are double height double width 


top half odd data rows are double height double 
width bottom haif 


11; odd data rows are double height double width 
top half even data rows are double height dou- 
ble width bottom half 


For Single row buffer or repetitive memory addressing mode 
REGISTER F Bits 7, 6 


= 00; single height single width 
01; single height double width 
10; odd data rows are double height double width 


top half even data rows are double height dou- 
ble width bottom half 


11; even data rows are double height double width 
top half 
odd data rows are double height double width 
bottom half 


i 


Ml 


SEQUENTIAL BREAK REGISTER 1 (R10) 


This 8 bit write only register defines the data row number in 
which a new sequential video address begins as specified 
by AUXILIARY ADDRESS REGISTER 1 (RE and RF). To 
disable the use of this break, the register should be loaded 
with a data row count greater than the number of display- 
able data rows on the screen. 


DATA ROW START REGISTER (R11) 


This 8 bit write only register defines the first data row num- 
ber at which a page blank or smooth scroll operation will 
begin. Bit 6 of the CONTROL REGISTER determines if a 
page blank or smooth scroll operation will occur. 


DATA ROW END/SEQUENTIAL BREAK 
REGISTER 2 (R12) 


This 8 bit write only register has a dual function depending 
on the addressing mode used. For row driven addressing 
(contiguous or linked list as specified by the 2 most signifi- 
cant bits of the TABLE START REGISTER) this register 


defines the data row number which ends either a page blank 
or smooth scroll operation. The row numerically one less 
than the row defined by this register is the last data row on 
which the page blank or smooth scroll will occur. To use the 
page blank feature to blank a portion of the screen that 
includes the last displayed data row, this register must be 
programmed to zero. For sequential addressing, this reg- 
ister can cause a break in the sequential addressing at the 
data row number specified and a new sequential address- 
ing sequence begins at the address contained in AUXIL- 
IARY ADDRESS REGISTER 2. 


AUXILIARY ADDRESS REGISTER 2(R13 and R14) 
This 16 bit write only register contains a 14 bit address. The 
6 least significant bits of REGISTER 14 contain the upper 
order 6 bits of the 14 bit address and REGISTER 13 con- 
tains the 8 lower order bits of the 14 bit address. In the row 
driven addressing mode, this register is automatically loaded 
by the CRT 9007 with the current table address. The two 
most significant bits of REGISTER 14 specify one of four 
combinations of row attributes (for example double height 
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double width) on a row by row basis. Refer to the section 
entitled Double Height/Double Width operation for the 
meaning of these 2 bits. In the sequential addressing mode, 
this register can be loaded by the processor with a 14 bit 
address and a 2 bit row attributes field. The bit positions are 
identical for the row driven addressing mode. When the 
current data row equals the value programmed in DATA ROW 
END/SEQUENTIAL BREAK REGISTER 2 (R12), the 
remainder of the screen is addressed sequentially starting 
at the location specified by the programmed 14 bit address. 
The 2 most significant bits of register 14 allow one to attach 
double height and or double width characteristics to every 
data row in this sequentially addressed area. The bit defi- 
nitions take on the same meaning as the 2 most significant 
bits of AUXILIARY ADDRESS REGISTER 1 and affect the 
display in an identical manner. 


START COMMAND (R15) 


After all vital screen parameters are loaded, a START com- 
mand can be initiated by addressing this dummy register 
location within the CRT 9007. ASTART command must be 
issued after the DMA mechanism is enabled (DMA CON- 
TROL REGISTER bit 7). 


RESET COMMAND (R16) 


The CRT 9007 can be reset via software by addressing this 

dummy location. Activation of the RST input pin or initiating 

this software command will effect the CRT 9007 in an iden- 

ie manner. The reset state of the CRT 9007 is defined as 
ollows: 


CRT 9007 outputs Reset state 
VA13-0 High impedance 
VD7-0 High impedance 
HS High 

VS High 

CBLANK High 

CURS Low 

VLT Low 

DRB High 

INT Low 

Pin 28 Low 

Pin 29 Low 

Pin 30 Low. 

Pin 31 Low 

Pin 32 Low 


SMOOTH SCROLL OFFSET REGISTER (R17) 


This register is loaded with the scan line offset number to 
allow a smooth scroll operation to occur. The offset register 
causes the scan line counter output of the CRT 9007 to start 
at the programmed value rather than zero for the data row 
that starts the smooth scroll interval. The start is specified 
inthe DATA ROW START REGISTER (R11). Typically, this 
register is updated every frame and it ranges from zero (no 
offset) to a maximum of the programmed scan lines per data 
row (maximum offset). For example, if 12 scan lines per data 
row are programmed (scan line 0 to scan line 11) an offset 
of zero will cause an unscrolled display. An offset of one will 
cause a display starting at scan line 1 and ending at scan 
iine 717 (eieven scan iines ioiai). An offsei of eieven will cause 
a display starting at scan line eleven. 

The next scan line will be zero, starting tne subsequent data 
row. To allow smooth scroll of double height rows, the pro- 
grammed range of the register is from zero to twice the pro- 
grammed scan iines per data row. Whenever the offset 
register if greater than the programmed scan lines per data 
row, bit 7 of the register must be set to a logic 1 (offset over- 
flow). It must be set to a logic zero at all other times. The 6 
bit offset value occupies bits 6 through 1. Bit 0 must always 
be programmed with a logic zero. By setting the offset over- 
flow (bit 7) to a logic 1, it is possible to have the bottom half 
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of a double height data row stand alone in Single Row Buffer 
Mode by programming the scrolled data row as double height 
top half and loading R17 with the proper value. 


VERTICAL CURSOR REGISTER (R18 or R38) 


This 8 bit read/write register specifies the data row in which 
the cursor appears. To write into this register it is addressed 
as R18 and to read from this register itis addressed as R38. 


HORIZONTAL CURSOR REGISTER (R19 or R39) 


This 8 bit read/write register specifies the character posi- 
tion in which the cursor appears. To write into this register 
it is addressed as R19 and to read from this register it is 
addressed as R39. 


It should be noted that the vertical and horizontal cursor is 
programmed in an X-Y format with respect to the screen 
and not dependant upon a particular location in video 
memory. The cursor will remain stationary during all scroll 
operations. 


INTERRUPT ENABLE REGISTER (R1A) 


This 3 bit write only register allows each of the three CRT 
9007 interrupt conditions to be individually enabled or dis- 
abled according to the following definition: 


Bit 6 (Vertical retrace interrupt)—This bit, when set to a logic 
one, will cause the CRT 9007 to activate the INT signal when 
a vertical retrace (i.e., the start of the vertical blanking interval) 
begins. 


Bit 5 (Light pen interrupt)—This bit, when set to a logic one, 
will cause the CRT 9007 to activate the INT signal when the 
LIGHT PEN REGISTER (R3B, R3C) captures an X-Y coor- 
dinate. This interrupt, which occurs at the beginning of vertical 
retrace, reflects the occurrence of a LPSTB input on the 
frame or field just painted. This interrupt need not be ena- 
bled when other CRT 9007 interrupt conditions are enabled 
since the STATUS REGISTER (R3A) will flag the occur- 
ance of a light pen update and servicing can be done off of 
other interrupts. 


Bit O (Frame timer)—This bit, when set to a logic one, allows 
the CRT 9007 to activate the INT signal once every frame 
or field at a time when a potential smooth scroll update may 
occur. In this way the user can use the frame timer interrupt 
as both a real time clock and can service smooth scroll 
updates and other frame oriented operations by using the 
appropriate status bits. This interrupt will occur after the last 
row table entry is read by the CRT 9007. In single row buffer 
operation, this will occur one data row before the start of 
vertical retrace. In double row buffer operation, this will occur 
two data rows before the start of vertical retrace. 


STATUS REGISTER (R3A) 


This 5 bit register flags the various conditions that can 
potentially cause an interrupt regardless of whether the 
corresponding condition is enabled for interrupt. In this way 
some or all of the conditions can be reported to the proces- 
sor via the STATUS REGISTER. If some of the conditions 
are enabled for interrupt, the processor, in response io an 
interrupt, simply has to read the STATUS REGISTER to 
determine the cause of the interrupt. The bit definition of the 
STATUS REGISTER is as follows: 

Bit 7 (interrupt Pending)— This bit wiii set when any other 
status bit, having its corresponding interrupt enabled, 
experiences a 0 to 1 transition. In this manner, when the 
processor services a potential CRT 9007 interrupt, it only 
has to test the interrupt pending bit to determine if the CRT 
9007 caused the interrupt. If it did, the individual bits can 
then be tested to determine the details of the CRT 9007 
interrupt. Any noninterruptable status change (corre- 
sponding interrupt enable bit reset to a logic 0) will not be 
reflected in the interrupt pending bit and must be polled by 
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the processor in order to provide service. The interrupt 
pending bit is reset when the status register is read. All other 
bits except Light Pen Update are reset to a logic 0 at the 
end of the vertical retrace interval. The light pen update bit 
is reset to a logic 0 when the HORIZONTAL LIGHT PEN 
REGISTER is read. 


Bit 6 (Vertical Retrace)—A logic 1 indicates that a vertical 
retrace interval has begun. 


Bit 5 (Light Pen Update)—A logic 1 indicates that a new 
coordinate has been strobed into the LIGHT PEN REGIS- 
TER. It is reset to a logic zero when the HORIZONTAL LIGHT 
PEN REGISTER is read. The light pen coordinates may have 
to be modified via software depending on light pen char- 
acteristics. 


Bit 2 (odd/even)—For a normal video interlaced display, this 
bit is a logic 1 when the field about be painted is an odd field 
and is a logic zero when the field about be painted is an 
even field. ; 


TOTAL CHAR 
PER HOR. 


PROG. PROG 


Bit O (Frame timer occurred)—This bit becomes a logic 1 
either one or two data rows before the start of vertical retrace. 
Since this bit is set when the CRT has finished reading the 
row table for the frame or field just painted, it permits row 
table manipulation to start at the earliest possible time. 


VERTICAL LIGHT PEN REGISTER (R3B) 

This 8 bit read only register contains the vertical coordinate 
captured at the time the CRT 9007 received a light pen strobe 
signal (LPSTB). 


HORIZONTAL LIGHT PEN REGISTER (R3C). . 

This 8 bit read only register contains the horizontal coordi- 
nate captured at the time the CRT 9007 received a light pen 
strobe signal. When a coordinate is captured, the appro- 
priate status bit is set and further transitions on LPSTB are 
ignored until this register is read. The reading of this reg- 
ister will reset the light pen status bit in the STATUS REG- 
ISTER. The captured coordinate may have to be modified 
in software to allow for light pen response. 


PROG 
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FIGURE 3: TYPICAL SYNC WAVEFORMS FOR INTERLACED AND NON-INTERLACED MODES 
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FIGURE 4: SERIAL SCAN LINE TIMING: NON INTERLACE 
OR SINGLE WIDTH CHARACTERS 
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FIGURE 5: SERIAL SCAN LINE TIMING: INTERLACE 
OR DOUBLE HEIGHT DATA ROWS 


SECTION V 





MAXIMUM GUARANTEED RATINGS* ; 
Operating Temperature Range ....... 06. c cece tence cece e tenet e eee e teeter net eeeeteeenteenaes 0° to +70°C 
Storage Temperature Range ......... 66. eee cc en een e eee eee e tebe eueteeeeseeunanene — 55°C to + 150°C 
Lead Temperature (soldering, 10S€C.).. 0.0... 0... ccc cece cette nee e tenet eee neste ent peneneennes +325°C 
Positive Voltage on any Pin, with respect to ground... 0.6... cece cette eee e eee e ee ceeeeentneennens +8V 
Negative Voltage on any Pin, with respect to ground .... 2.6... ec ccc eeecen eee e cette ene tteeneeeeas 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of 
the device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings 
not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their outputs when the 
AC power is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 


exists it is suggested that a clamp circuit be used. 
DC ELECTRICAL CHARACTERISTICS T, =0°C to + 70°C, Vc =5.0V +5% 





PARAMETER MIN TYP MAX UNITS 
Input voltage 
Vic Low 0.8 Vv 
11 High Vv 
ihe High v 
Output voltage : 
Vou Low 0.4 Vv 
Vou High Vv 
Input leakage current 
la 10 pA 
le 50 A 
hs — 200 
Input capacitance 
Cw 10 15 
Cine 25 50 
Power supply current 
loc 100 170 


AC ELECTRICAL CHARACTERISTICS: T, =0°C to + 70°C, Vic = 5.0V + 5% 























PARAMETER | TYP | MAX | OUNITS 
Clock 
tey clock period 330 1200 
300 1200 
tout clock low 90 
text clock high 150 
toxr clock rise time 15 
texe clock fall time 10 measured from 90% to 10% 
points 
Output delay’ 
to : : 150 ns 
toe 150 ns 
tog 150 ns 
tos 150 ns 
tvs 25 115 ns measured to the 2.3V or 0.5V 
hy level on VA13-VAO 
ns 
eg 185 ns 
tos 185 ns 
tosy 185 ns 
twos 50 ns valid for loading auxiliary 
address register 2 or the 
attribute latch 
tyon 10 ns 
typo 185 ns c, = 50pF 
tsic 185 ns 
tsup 185 ns 
tor 240 ns cursor skew of zero 
to? 185 ns cursor skew of one 
through five 
tog 300 ns 
Processor Read/write? 
ts 110 | | ns | 
tay 0 ns 
tow 165 ns 
tesu 650 | | ns | 
tpos 106 ns | 
tou 0 ns 
tops 140 ns | 
teno 10 she) ns 
400 
Miscellaneous timing 
tats 25 measured from the 0.4¥ level 
of ACK or TSC falling edge 
tew measured from the 0.4V level 
falling edge to 0.4V Jevel 


NOTE: 


1. Timing measured from the 1.5V level of the rising edge of CCLK to the 2.4V 
(high) or 0.4V (low) voltage level of the ouput unless otherwise noted. 


2. Reference points are 2.4V high and 0.4V low. 
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rising edge 
see figure 24 
see figure 24 


3. Loading on all outputs is 30 pF except where noted. 
4. This level must be reached before the next falling edge of CCLK. 


COMMENTS 
all inputs except CCLK 
input; see note 4 
lo. = 1.6mA 
low = 100p,A 
0<V,\<3.5V; excluding CCLK 
Vin = 5V; for CCLK 
Vin = OV; for CCLK 
all inputs except CCLK at 1 MHZ 
CCLK input at 1 MHZ 
COMMENTS 
for double row buffer or 
attribute assemble 
for all other operation modes 
measured from 
0.8V to 3.5V level 
3 





VLT, WBEN 


ORB 


SL3-0 


CSYNC, DMAR, 
CBLANK 


ATTRIBUTE OR , ATTRIBUTE 
ROW TABLE DATA IN DATA OUT. 


= los tvon 


+5V 
3900, 
To CCLK 
ate aad onty) {Input 


74804 or equivalent 


FIGURE 22: CRT 9007 TIMING PARAMETERS: OUTPUT SIGNALS FIGURE 25: RECOMMENDED CCLK 
DRIVER CIRCUIT 


' 


VD7-0 (WRITE) 


VD7-0 (READ) 


INT (falling edge only) # lars iS Controlled directly from ACK or TSC or from the particular CCLK that ends 7 DMA 
burst cycle. 


FIGURE 2: CRT 9007 PROCESSOR READ AND WRITE FIGURE 23: CRT 9007 MISCELLANEOUS 
TIMING PARAMETERS TIMING PARAMETERS 
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SECTION V 








REGISTER 
ADDRESS DECODE BIT DEFINITION NUMBER 


(HEX) 
VAS VA4 VA3  VA2 VAI  VAQ D7 D6 05 D4 03 







Register Type 


WRITE 


D2 Dt 

















Ro 





WRITE AT 











HORIZONTAL DELAY 


HORIZONTAL SYNC WIDTH 
VERTICAL SYNC WIDTH 
VERTICAL DELAY 


PIN CONFIG- CURSOR aes paren sigh 
URATION MSB 

See “eae glint VISIBLE DATA'ROWS PER FRAME = 
RB 
R9 
Table 3a: CRT 9007 Screen Format Registers 
REGISTER 
ADDRESS DECODE BIT DEFINITION NUMBER 










WRITE 2 


WRITE R3 





WRITE Ra 







WRITE 





R5 








WRITE R6 


scan INES/FR SCAN LINES PER DATA F OW 
WRITE (B10)) 


WRITE (87) SCAN LINES PER FRAME LSB (BO) 





Register Type VAS VA4 VA3 VA2 VA1 VAG D7 06 05 D4 D3 02 01 De 









Bi BURST DELAY 
LSB 


0} 0 INTERLACE | OPERATION MODES 
Pass BXC/IXC 
TABLE START REGISTER (LS BYTE) 


ADDRESS tangs TRT Ri MS BYTE 
Se ES EGISTER (MS ) 
AUXILIARY ADDRESS REGISTER 1 (LS BYTE) 


ROW 
ATTRIBUTES oo ADDRESS REGISTER 1 (MS grea 


SEQUENTIAL BREAK REGISTER 1 


DMA BURST COUNT 





Re 


RC 





RD 





RE 
RF 





R10 









DATA ROW START REGISTER 


LSB 
mss DATAROW END/SEQUENTIAL BREAK REGISTER2 cg 
AUXILIARY ADDRESS REGISTER 2 (LS BYTE) 


ROW 
ATTRIBUTES geen ADDRESS REGISTER 2 (MS ae 


Table 3b: Control and Memory Address Registers 


RV 






Ri2 
WRITE R13 


R14 


REGISTER 
ADDRESS DECODE BIT DEFINITION NUMBER 
Register Type VAS VA4 VA3 VA2 VAI VAQ D7 06 05 04 D3 D2 Of De 
READ OR START COMMAND A15 
Waite RESET COMMAND RIG 
Oven FSET VALUE 
WRITE . OFFSET V RI7 
FLOW | sp LSB 
ee = | 0 | VERTICAL CURSOR REGISTER (ROW COORD.) 
READ LSB Ri or R38 
WAITE 


R19 of R39 


RIA 





| READ RSA | 
READ R38 
READ R3C 


| Table 30: Cursor, Light Pen, Offset, and Status Registers | 


STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
CORPORATION 







tions, consequently compiete information sufficient for construction purposes is not necessarily given. The 
information has been Carefully checked and is believed to be entirely reliable. However, no responsibility is 
3 arcs Bad wy nig 2SSuMed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 

(516) 273-3100. enaped 510-227-8808 devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
We keep ahead of our competition so you can keep ahead of yours. at any time in order to improve design and supply the best product possible. 


270 












STANDARD MICROSYSTEMS CRT 96364 A 
Sh ae | _ CRT 96364B 


[LPC FAMILY 


CRT Controller 


FEATURES PIN CONFIGURATION 
1 Single + 5v power supply 





FH 16 line x 64 character display 1 28 Vcc 
C1 Onchip sync oscillator 2 27 EOP 
C1 Complete cursor control 3 26 CSYN 
C0 Automatic scrolling 4 25 C2 
(C0 Erase functions built in 5 24 C1 
C Performs character entry during horizontal sync 6 23 CO 
C1 Internal blinking cursor p 22 A4 
C Page linking logic built in 8 )21 AS 
(C1 LS-TTL compatible 9 20 A2 
(1 Compatible with CRT 8002, CRT 7004 aK 
17 W 
16 DS 
15 CRV co 
; 5 
GENERAL DESCRIPTION ee ee F 
The CRT 96364 A/B is a CRT Controller which Standard functions such as ERASE PAGE, ERASE a 
controls all of the functions associated with a LINE, and ERASE TO END OF LINE make the CRT 
16 line x 64 character video display. Functions 96364 A/B easy to interface to any computer or 
include CRT refresh, character entry,and cursor microprocessor, or to use as a stand-alone 
management. video processor. 


The CRT 96364 A/B contains an internal oscillator 

which produces the composite sync output. The § The CRT 96364A/B requires only + 5v power at 
CRT 96364 B generates a 60 Hz vertical sync while less than 100 mA. It is manufactured in COPLAMOS® 
the CRT 96364A generates a50 Hz vertical sync. Nchannel silicon gate technology. 


COMPARATOR Es ay POINTER 





ADDRESS 
BUFFERS 


DISPLAY ee VIDEO SYNC 

COUNTER GENERATOR 
ADDRESS = OUTPUT 
BUFFERS 


BUFFERS 


) -@) & 
xe x1 CSYN 
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DESCRIPTION OF PIN FUNCTIONS 





FUNCTION 
| Crystal in | X6 Pin one is the sync clock input. It may be driven directly from a TTL 
Crystalout | X11 gate or from a parallel mode crystal connected between pins one 


; andtwo. When a crystal is used, a10 MQresistor should be 
connected in paraliel. For standard 60 Hz line operation, a 1.018 MHz 
| | frequency source or crystal is required (with the CRT 96364 8B). For 
| 50 Hz line operation, the CRT 96364A requires a 1.008 MHz crystal. 

i 





3 Page Select PS PS provides automatic page selection when two pages of memory 
are used. A “zero” output indicates selection of page 1; a logic ‘‘one” 
indicates page 2. 


4-8 Memory Upper order memory address lines; A6-A9 determine which lines of 
Address text are being refreshed or written. A5 along with Ad-A4 determine 
the character position. 











9 Character DCC Character clock input. Addresses are changed on the trailing edge 
Clock | of DCC. 
Dot Clock DCE | A logic zero from DCE is used to inhibit oscillation of the dot clock 
Enable for retrace blanking. 
11-13 Row Address | R®@-R2 Character Generator row addresses. Blanks are generated by forcing 






R@-R2 to “000”. During character entry, R2 gates data into memory 
to control the erase function. Row addressing follows the sequence 
0-1-2-3-4-5-6-7-0-0-0-0-increment text line-0-1-2-etc. 







14 Ground Ground 


15 Cursor Cursor video output. Indicates cursor location by a 2 Hz 
blinking underline. 

16 Data Strobe The rising edge of DS strobes the appropriate CG-C2 control word 
into the CRT 96364A/B. 


17 Write A positive going signal which indicates that the CRT 96364 A/B is 
allowing amemory write. W is approximately 4 us, and occurs 
during H sync. Memory address lines are latched at the cursor | 
address during W. 


18-22 Memory AQ-A4 Lower order memory addresses. A@-A4 plus A5 (pin 8) determine the | 











Address character position. 


23-25 Command C8-C2 Command inputs are strobed into the CRT 96364A/B by DS. Functions 
Inputs are as follows: 
Function 
Page erase and cursor home (top-left) 
Erase to end of line and return cursor (to left) 
Line feed (cursor down) 
No operation* 
| Cursor left (one position) 


2 


o 


Erasure of cursor-line 


| Cursor up (one position} 
| | Normal character. Write signal is generated 


a+t34-G000 9 
2 -"OC—-1-00 
aAO-3ou30840 O 


and cursor position is incremented 
* In order to suppress non-displayed characters 











Composite 





Positive logic composite sync output. Horizontal sync is generated 
during VSYNC and VSYNC time. A vertical sync output may be 
generated by logicaily “ANDing” CSYN and DCE. 


















End of Page EOP This output is used to increment an external page counter when 


using more than one page of memory. 
Power Supply Vee + 5 volt supply. 











OPERATION 


The CRT 96364A/B provides all of the control 
functions required by a CRT display with a 
minimum of external circuitry. 


The cursor and erase commands may be de- 
coded from the data bus by a low cost 256 x 4 
PROM. The CRT 96364A/B then provides the 
necessary cursor movement and gates the 
memory for writing or erasing. Erase is con- 
trolled by providing a write signal to RAM, and 


gating ‘“‘zeros”’ to the RAM input bus. Use of an 
external PROM allows user selection of con- 
trol words. 


The RAM write command, ‘“W’’, is generated 
during horizontal retrace. At this time, the RAM 
address is set to the cursor address. Immedi- 
ately following the write command, the RAM 
addresses revert to refresh addressing and 
the cursor is shifted one character. 


CURSOR 


The cursor location is indicated by an alter- 
nating high on pin 15 (CRV) at row 7, and a low 


on pin 15 with R@-R2 forced low at rows 0-6. 
These alternate at a 2 Hz rate. If CRV is used to 


force the display on, the result will be a blink 
of the cursor character position alternating with 
an underline at a 2 Hz rate. 


CHARACTER ENTRY 


When a Normal Character code (C2, C1, C@ = 1, 
1, 1) and a Data Strobe are received, the write 
command will be generated during horizontal 
retrace. If, at the end of the horizontal retrace, 
the cursor is at the last position on a line, a car- 


riage return and line feed will automatically 
occur. When the cursor is at the last position 
of the last line, a carriage return and up-scroll 
will automatically occur. 


EXTRA FUNCTIONS 


By using the fourth bit of the decoder PROM as 
a write enable signal, and properly program- 
ming the PROM, the additional commands of 
Home Cursor, Return Cursor, and Roll Screen 
may be generated. This is done by inhibiting the 


W signal to the page memory and inputting the 
control codes, respectively, of Page Erase and 
Home Cursor, Erase to end of line and Return 
Cursor, and Line Feed. 


SCROLLING 


Scrolling of the screen text will occur under 
any of the following characteristics: 

1. Inputting a line feed command when the 

cursor is at the bottom line of the screen. 

2. Inputting a character when the cursor is 

at the bottom right hand side of the screen. 

Scrolling will result in the entire top line of the 


screen being erased and all of the remaining 
lines shifting up. Alternatively, a Roll (defined 
as all of the lines shifting up with the previ- 
ous top line reappearing at the bottom of the 
screen) may be performed by inhibiting the 
write signal to the page memory as described 
in “Extra Functions.” 
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MAXIMUM GUARANTEED RATINGS’ 


Operating Temperature Range ...... 20.6.2 0°C to. + 70°C 
Storage Temperature Range ......... 0. cece nent ees —55°C to + 150°C 
Lead Temperature (soldering, 10sec.) 2.0... ccc ccc cee e renee ees +325°C 
Positive Voltage on any Pin, with respectto ground ........... 00... c eect cece nes +7.0V 
Negative Voltage on any Pin, with respectto ground ......... ccc cee eee eees —0.3V 


“Stresses above those listed may cause permanent damage to the device. This is a stress rating only and furctiona! 
operation of the device at these or at any other condition above those indicated in the 
operational sections of this specification is not implied. 


ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc=+5V+5%, unless otherwise noted) 
T a | T T | 
P. Min. 


arameter Typ. | Max. | Unit | Comments 





D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS (except DCC) 
Low-level, Vi, 
High-level, Vin 
INPUT VOLTAGE LEVELS—DCC 
Low-level, Vic 
High-level, Vi, 


OUTPUT VOLTAGE LEVELS (DCE Only) 


excluding DCC 
excluding DCC 


Low-level, Vo. lo, =1.9 mA 

High-level, Voy Jou = —100 uA 
OUTPUT VOLTAGE LEVELS (except DCE) 

Low-level, Vo. ly, =0.36 MA 

High-level, Vox Joy =—100 vA 
INPUT CURRENT 

Low-level, In 0=V,= +5V 
INPUT CAPACITANCE 

All inputs, Ci (except DCE) Vin = GND 

Cin (DCC Only) Vin=GND 


POWER SUPPLY CURRENT 


Ice 


ds CHARACTERISTICS 
_ PARAMETERS _ 


Freguency of load scence ce 
S Crystal apne cay 96364A - 
os T 963648 © 





: “Bee pulse width : 
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LINE TIMING 


DCC 
{DISPLAY POSITION IN PARENTHESES) 


DCE 


AG-AS 
(CHARACTER ADDRESS) 


A6-A9 
(LINE ADDRESS) 





CRV 








R@, R1 


R2 





SYNC TIMING 
|: fp} + + 


cS ot Mla ne a 
err earee iis eee 1) eee 


tsp 
ts 


FRAME TIMING 


eet eT SL a a Ae 
or A 
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DATA INPUT TIMING 


Asynchronous Operation 


DS Pulse Width 


Cé-C2 Set Up Time 
C6-C2 Hold Time 


Minimum Strobe Period 
(Operation Execution Time) 
































































FUNCTION c2 ci of 
- Page Erase & Cursor Home 0 0 0 132 ms 
.. Erase to End of Line & Return Cursor o oOo 1 4.2 ms 
‘Line Feed (Cursor Down) 0 1 0 130* US 
“No Operation oO 1 1 80 HS 
“Cursor Left 1 0 0 80 US 
<.-s ° Erasure of Cursor Line 1 0 1 8.3 ms 
"Cursor Up 1 1 0 80 us 
“- ’ Normal Character 1 1 1 130* HS 
“*Will increase to 8.3 ms when text scroll occurs. See “Scrolling” for conditions. 
rn Synchronous Operation 
Dit GS ea oe een we ite ee ee WI, ey 
|DSPulseWidth Et HS 
|CO-C2HoldTime (Cd CT (TCidLSCiaSSCSd 
|DSSetUpTime (Sd its SCT CC 
Minimum Strobe Period tos 
. (Operation Execution Time) 
FUNCTION c2 ci of 
Page Erase & Cursor Home 0 0 0 132 ms 
Erase to End of Line & Return Cursor 0 0 1 4.2 ms 
- Line Feed (Cursor Down) 0 1 0 64* LS 
No Operation 0 1 1 64 us 
Cursor Left 1 0 0 64 uS 
Erasure of Cursor Line 1 0 1 8.3 ms 
' Cursor Up 1 1 0 64 US 
Normal Character 1 1 1 64* US | 


*Will increase to 8.3 ms when text scroll occurs. See “Scrolling” for conditions. 


DATA INPUT TIMING 


ASYNCHRONOUS OPERATION 
tos 


SYNCHRONOUS OPERATION 
mM 





MULTIPLE PAGE DISPLAY 4 PAGE DISPLAY 


When linking two or more pages, the 


EOP and PS signals may be used to (NEGATIVE PULSE) 
allow a “moving window” text display. 

. . DECREMENT PAGE 
PS (Page Select) indicates the end of AN (NEGATIVE PULSE) 
page location. If a scroll has occurred, A10 


PS will show the transition from the 
end of line 15 of page P and the begin- 
ning of line 0 of page P + 1. 


Display Area 0 








| 
| 
line 14 | 
line 15 | Page P 
= 
line 0 Fs 27 
line 1 PageP+1 ¥ PS EOP 
line 2 © 
\ CRT 96364A/B 
t 
AQ 
To properly maintain the memory AB 
address when displaying more than ae 
two pages, EOP pulses low at the As 
point in time when page P is scrolled 
completely off the screen. At this time, fo 
PS will remain low for the entire frame A4 ss 
since page P + 1 is now the only Ag z 
displayed page. A2 = 
The circuit at the right will allow At re} 
scrolling through 4 pages of memory. Ag “ 





TYPICAL SYSTEM APPLICATION 


MEMORY 
ERASE 
GATING 


ed 
WR 


DATA IN 
ADD MEMORY 
DATA OUT 


DATA IN 
CLK = LATCH 
DATA OUT 


CHARACTER SELECT 


MAND CHARACTER 
DATA BUS ROW GENERATOR 
PROM 


DOT PATTERN OUT 


PARALLEL DATA IN 
LD P/S REGISTER 
CLK SERIAL DATA OUT. 
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tions; consequently complete information sufficient for construction purposes is not necessarily given. The 

information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
[5 Marcus Bhd. Hauppauge. NY 11768 assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
i6181273-3100 Twx-510-227-8898 devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
you can keep ahead of yours. at any time in order to improve design and supply the best product possible. 


STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 






We keep ahead of our competition so 
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CORPORATION aoe CRT 8002 
——s 


[LPC FAMILY 





CRT Video Display Attributes Controller 
Video Generator | 
VDAC™ 


PIN CONFIGURATION 





FEATURES 

CO On chip character generator (mask programmable) VIDEO 1 7) 28 RETBL 
128 Characters (alphanumeric and graphic) LD/SH 2 [~] 27 CURSOR 
7x 11 Dot matrix block voc 3 26 MS¢ 

1 On chip video shift register Ag 4¢4 25 MSI 


Maximum shift register frequency 


CRT 8002A 20MHz na palin 
CRT 8002B 15MHz A2 6C] 23 V SYNC 
CRT 8002C 10MHz A3 7C] 22 CHABL 
Accesstime 400ns A4 8 21 REVID 
On chip horizontal and vertical retrace video blanking AS 9C] 20 UNDLN 
CL] No descender circuitry required A6 10) 49 STKRU_ 
C1] Four modes of operation (intermixable) A711 18 ATTBE 
elie character generator (ROM) Vee 1277 17 GND 
ide graphics 
Thin graphics adanties ae 
R3 14C] 15 R1 


External inputs (fonts/ dot graphics) 


C] On chip attribute logic—character, field 
Reverse video 
Character blank 
Character blink 


1 Subscriptable 

LD Expandable character set 
External fonts 
Alphanumeric and graphic 


Underline RAM, ROM, and PROM 
Strike-thru C0 On chip address buffer 

C Four on chip cursor modes CO On chip attribute buffer 
Underline 


O +5 volt operation 

01 TTL compatible 

MOS N-channel silicon-gate COPLAMOS® process 
C1 CLASP® technology—ROM and options 

C0 Compatible with CRT 5027 VTAC® 


Blinking underline 
Reverse video 
Blinking reverse video 


LC Programmable character blink rate 
C1] Programmable cursor blink rate 


General Description 


The SMC CRT 8002 Video Display Attributes Controller 
(VDAC) is an N-channel COPLAMOS® MOS/LSI device 
which utilizes CLASP® technology. It contains a 
7X11X128 character generator ROM, a wide graphics 
mode, a thin graphics mode, an external input mode, 
character address/data latch, field and/or character 
attribute logic, attribute latch, four cursor modes, two 
programmable blink rates, and a high speed video 
shift register. The CRT 8002 VDAC is a companion 
chip to SMC’s CRT 5027 VTAC®. Together these two 
chips comprise the circuitry required for the display 
portion of a CRT video terminal. 


The CRT 8002 video output may be connected directly 
to a CRT monitor video input. The CRT 5027 blanking 
output can be connected directly to the CRT 8002 
retrace blank input to provide both horizontal and 
vertical retrace blanking of the video output. 


Four cursor modes are available on the CRT 8002. 
They are: underline, blinking underline, reverse video 
block, and blinking reverse video block. Any one of 
these can be mask programmed as the cursor func- 
tion. There is a separate cursor blink rate which can 
be mask programmed to provide a 15 Hz to 2 Hz blink 
rate. 


The CRT 8002 attributes include: reverse video, char- 
acter blank, blink, underline, and strike-thru. The 
character blink rate is mask programmable from 7.5 Hz 
to 1.0 Hz and has a duty cycle of 75/25. The underline 
and strike-thru are similar but independently con- 
trolled functions and can be mask programmed to any 
number of raster lines at any position in the character 
block. These attributes are available in all modes. 


In the wide graphic mode the CRT 8002 produces a 
graphic entity the size of the character block. The 
graphic entity contains 8 parts, each of which is asso- 
ciated with one bit of a graphic byte, thereby provid- 
ing for 256 unique graphic symbols. Thus, the CRT 
8002 can produce either an alphanumeric symbol or 
a graphic entity depending on the mode selected. 
The mode can be changed on a per character basis. 


The thin graphic mode enables the user to create sin- 
gle line drawings and forms. 


The external mode enables the user to extend the on- 

chip ROM character set and/or the on-chip graphics 

capabilities by inserting external symbols. These ex- 

ce symbols can come from either RAM, ROM or 
M. 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ........... 2.0 eee eee nett neces seamen tstd a°Cto + 70°C 
Storage Temperature Range ....... 00... eee n ete a eee een aes -55°C to + 150°C 
Lead Temperature (soldering, 10SEC.) ... 0... cece ene eect ennn tees +325°C 
Positive Voltage on any Pin, with respect to ground ....... cc etree teen eens +8.0V 
Negative Voltage on any Pin, with respecttoground © eect ete ee ees —0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or ‘“‘glitches” on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc= +5V+5%, unless otherwise noted) 








Parameter Comments 


D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 
Low-level, Vi. 
High-level, Vix 2.0 
INPUT VOLTAGE LEVELS-CLOCK 
Low-level, Vi. 
High-level, Vix 4.3 
OUTPUT VOLTAGE LEVELS 
Low-level, Vo, 
High-level, Vox 2.4 
INPUT CURRENT 
Leakage, |, (Except CLOCK) 
Leakage, !, (CLOCK Only) 


INPUT CAPACITANCE 






V excluding VDC 
V excluding VDC 


See Figure 6 


V lop =0.4 mA, 74LSXX load 
V lon = —20nA 





uA 0<Vin=Vee 
HA 0<Vin=Vec 








Data__ 10 pF @ 1MHz 

LD/SH 20 pF @ 1MHz 

CLOCK 25 pF @ 1MHz 
POWER SUPPLY CURRENT i 

lee { 100 | | mA | 


A.C. CHARACTERISTICS 
See Figure 6, 7 


SYMBOL PARAMETER 













| MIN. [ max. [ MIN. | MAX. [ MIN, | MAX. | 
20 15 1.0 









t,, t Rise, fall time 10 10 10 ns 


tser_up input set-up time =0 =0 =0 ns 


Output propagation delay 





LD/SH set-up time 
| t, _'| LD/SHhold time 


ROW ADDRESS 
R@-R3 


BLOCK DIAGRAM | @ 


STRIKE-THRU 
SELECT LINE 
| DECODER 


UNDERLINE GRAPHIC 
ADDRESS/DATA , SELECT LOGIC 
INPUTS ADDRESS/ 
DATA a ee * > oo 
on URS OR enero _LATCH 
7x 11x 128 . 
RETRACE BLANK DECODER iS ues 
ATTRIBUTE ENABLE 
MODE SELECT 6 Logic Sie eee ine “4 
REVERSE VIDEO 
ee ee era 


UNDERLINE ATTRIBUTE LOGIC 


. LATCH 





ATTRIBUTE 


= _ He 
7 ET 


STRIKE THRU i LOGIC 
Ch «C7 
Ag = AT 
' VIDEO DOT CLOCK ee sata Q 
REGISTER 
Pe ee ee ee SRO 8 BIT SR7 


LOAD/SHIFT 
CURSOR RATE 
Verne pzN | LOGIC [CHARACTER RATE 


BLINK 


ALL INPUTS __ 
(except VDC, LD/SH) 


VIDEO 
OUTPUT 


FIGURE 7 
AC TIMING DIAGRAM 
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DESCRIPTION OF PIN FUNCTIONS 


INPUT/ 
SYMBOL NAME OUTPUT 


“VIDEO | Video Output 0 
















FUNCTION 


The video output contains the dot stream for the selected row of the alpha- 
numeric, wide graphic, thin graphic, or external character after processing by 
the attribute logic, and the retrace blank and cursor inputs. 

In the alphanumeric mode, the characters are ROM programmed into the 
77 dots, (7X11) allocated for each of the 128 characters. See figure 5. The top 
row (Rd) and rows R12 to R15 are normally all zeros as is column C7. Thus, the 
character is defined in the box bounded by R1 to R11 and C@ to C6. When a row 
of the ROM, via the attribute logic, is parallel loaded into the 8-bit shift-register, 
the first bit serially shifted out is C7 (A zero; or a one in REVID), It is followed 
by C6, C5, through Cg. 

The timing of the Load/Shift pulse will determine the number of additional 
(— —, zero to N) backfill zeros (or ones if in REVID) shifted out. See figure 4. 
When the next Load/Shift pulse appears the next character’s row of the ROM, 
via the aitribute logic, is parallel loaded into the shift register and the cycle 


PIN NO. 






repeats. 
2 LD/SH Load/Shift 1 The 8 bit shift-register parallel-in load or serial-out shift modes are established 
by the Load/Shift input. When low, this input enables the shift register for 


serial shifting with each Video Dot Clock pulse. When high, the shift register 
parallel (broadside) data inputs are enabled and synchronous loading occurs 
on the next Video Dot Clock pulse. During parallel loading, serial data flow 
is inhibited. The Address/Data inputs (A@-A7) are latched on the negative 
transition of the Load/Shift input. See timing diagram, figure 7. 


3 Video Dot Clock i Frequency at which video is shifted. 


4-11 AG-A7 Address/Data In the Alphanumeric Mode the 7 bits on inputs (Ag-A6) are internally decoded 
to address one of the 128 available characters (A7 =X). In the External Mode, 
A@-A7 is used to insert an 8 bit word from a user defined external ROM, PROM 
i or RAM into the on-chip Attribute logic. In the wide Graphic Modes AQ-A7 is 
used to define one of 256 graphic entities. In the thin Graphic Mode A@-A2 is 
used to define the 3 line segments. 


12 PowerSupply | PS | +5 volt power supply 


13,14,15,16/R2,R3,R1,R@] Row Address | 1 | These 4 binary inputs define the row address in the current character block. 


17 [| GND | Ground __| GND _| Ground 

18 ATTBE Attribute Enable A positive level on this input enables data from the Reverse Video, Character 

Blank, Underline, Strike-Thru, Blink, Mode Select %, and Mode Select 1 inputs 

to be strobed into the on-chip attribute latch at the negative transition of 

the Load/Shift pulse. The latch loading is disabled when this input is low. 

The latched attributes will remain fixed until this input becomes high again. 

To facilitate attribute latching on a character by character basis, tie ATTBE 

high. See timing diagram, figure 7. 

19 STKRU Strike-Thru I When this input is high and RETBL=0O, the parallel inputs to the shift register 
are forced high (SR®-SR7), providing a solid line segment throughout the 
character block. The operation of strike-thru is modified by Reverse Video 
(see table 1). In addition, an on-chip ROM programmable decoder is available 
to decode the line count on which strike-thru is to be placed as well as to 
program the strike-thru to be 1 to N raster lines high. Actually, the strike-thru 
decoder (mask programmable) logic allows the strike-thru to be any number 

| or arrangement of horizontal tines in the character block. The standard strike- 








thru will be a double line on rows R5 and R6. 


20 UNDLN Underline | When this input is high and RETBL=0, the parallel inputs to the shift register 
are forced high (SR@-SR7), providing a solid line segment throughout the 

| character block. The operation of underline is modified by Reverse Video 

| | (see table 1). In addition, an on-chip ROM programmable decoder is available 
to decode the line count on which underline is to be placed as well as to 

| program the underline to be 1 to N raster lines high. Actually, the underline 
| decoder (mask programmable) logic allows the underline to be any number 
or arrangement of horizontal lines in the character block. The standard under- 

| line will be a single line on R11. 7 
21 REVID Reverse Video 1 When this input is low and RETBL=0, data into the Attribute Logic is presented 
directly to the shift register parallel inputs. When reverse video is high data 
into the Attribute Logic is inverted and then presented to the shift register 
parallel inputs. This operation reverses the data and field video. See table 1. 


22 CHABL Character Blank l When this input is high, the parallel inputs to the shift register are all set low, 
providing a blank character line segment. Character blank will override blink. 
The ee of Character Blank is modified by the Reverse Video input. 
See table 1. 


This input is used as the clock input for the two on-chip mask programmable 
blink rate dividers. The cursor blink rate (50/50 duty cycle) will be twice the 
| | character blink rate (75/25 duty cycle). The divisors can be programmed from 
+ 4to + 30 for the cursor(~+ 8 to + 60 for the character). 
24 BLINK Blink I When this input is high and RETBL=0 and CHABL=0, the character will blink 
at the programmed character blink rate. Blinking is accomplished by blanking 
the character block with the internal Character Blink clock. The standard 
| character blink rate is 1.875 Hz. 









23 











25 MS1 Mode Select 1 | | These 2 inputs define the four modes of operation of the CRT S002 as foliows. 
26 Ms¢ Mode Select 6 ! Alphanumeric Mode — In this mode addresses A@-A6 (A7=X) are in- 


ternally decoded to address 1 of the 128 available ROM characters. The 
addressed character along with the decoded row will define a 7 bit output 
from the ROM to be loaded into the shift register via the attribute logic. 


Alphanumeric 








Thin Graphics Thin qptaphies Mode — In thls mode Ap-A2 ioep eee will be loaded 

I Mode into the thin graphic logic along with the row addresses. This logic will 
Externa define the segments of a graphic entity as defined in figure 2. The top of 
Wide Graphics | the entity will begin on row 0000 and will end on a mask programmable row. 
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DESCRIPTION OF PIN FUNCTIONS 


INPUT/ > 
.| SYMBOL NAME OUTPUT FUNCTION 


External Mode —In this mode the ‘inputs AG-A7 go directly from the 
































26 Character latch into the shift register via the attribute logic. Thus the user 
(cont.) may define external character fonts or graphic entities in an external 


PROM. ROM or RAM. See figure 3. 
Wide Graphics Mode—tIn this mode the inputs A@-A7 will define a graphic 


entity as described in figure 1. Each line of the graphic entity is determined 
by the wide graphic logic in conjunction with the row inputs R% to R3. in 
this mode each segment of the entity is defined by one of the bits of the 
8 bit word. Therefore, the 8 bits can define any 1 of the 256 possible graphic 
entities. These entities can butt up against each other to form a contiguous 
pattern or can be interspaced with alphanumeric characters. Each of the 
entities occupies the space of 1 character block and thus requires: 1 c-pyie 
of memory. = : 


These 4 modes can n be intermixed on a per character basis. 


When this input is enabled 1 of the 4 pre-programmed cursor modes will be 
activated. The cursor mode is on-chip mask programmable. The standard cur- 
sor will be a blinking (at 3.75Hz) reverse video block. The 4 cursor modes are: 
Underline—In this mode an underline (1 to N raster lines) at the programmed 
underline position occurs. 
Blinking Underline—In this mode the underline blinks at the cursor rate. 


Reverse Video Block—In this mode the Character Block is set to reverse 
video. 


Blinking Reverse Video Block—In this mode the Character Block is set to 
reverse video at the cursor blink rate. The Character Block will alternate 
between normal video and reverse video. 
The cursor functions are listed in table 1. 


When this input is latched high, the shift register parallel inputs are uncon- 
ditionally cleared to all zeros and loaded into the shift register on the next 
Load’ Sti fi pulse. This blanks the video, independent of all attributes, during 
horizontal and vertical retrace time. 








27 CURSOR 












28 RETBL Retrace Blank 














TABLE 1 
CURSOR RETBL UNDLN* "FUNCTION 
X 1 x xX X “Oo” SLR. All 
0 0 0 0 0 D  (§.R.) All 
0 0 0 0 1 “4” -(S.R.)* 
D_ (S.R.) All others 
0 0 0 1 X “0” (S.R.) All 
0 0 1 0 0 DD (S.R.) All 
0 0 j 0 1 “0” (S. R. )* 
D_ (S.R.) All others 
0 0 1 1 X “4? (S.R.) All 
Underline* 0 0 0 X 4” - (S.R.)* 
; D_ (S.R.) All others 
Underline* 0 0 1 X “4” (S.R.)* 
“0” (S.R.) All others 
Underline” _ 0 1 0 X “0” (S:R.)* 
, (S.R.) All others 
Underline* 0 1 1 X “0” (S.R.)* 
“17 (S.R.) All others 
Blinking** Underline* 0 0 0 X . “4 (S.R.)* Blinking 
-D_(S.R.) All others 
Blinking** Underline* 0 0 1 X “17 (S.R.)* Blinking 
“#9” = (S.R.) All others 
Blinking** Underline* 0 1 0 X “0” (S.R.)* Blinking 
(S.R.) All others 
Blinking** Underline* 0 1 1 X “0” (S.R.)* Blinking 
“4” (S.R.) All others | 
REVID Black 0 0 0 0 DB (S.R.) All 
REVID Block 0 0 0 1- “9” (S.R.)* 
D_ (S.R.) All others 
REVID Block - 0 0 1 X “4” (S.R.) All 
REVID Block 0 0 0 1 “0” (S.R.)* 
D  (S.R.) All others 
REVID Block 0 Ai 1 0 0 D  (S.R.) All 
REVID Block 0 1 0 1 “4” (S.R.)* 
D_ (S.R.) All others 
REVID Block 0 1 1 X “o” _(S:R.) All 
Blink** REVID Block 0 0 - 0 0 | 
Blink** REVID Block 0 0 0 1 
Blink** REVID Block 0 0 1 xX Alternate Normal Video/REVID 
Blink** REVID Block — 0 1 0 0 At Cursor Blink Rate 
Blink** REVID Block 0 1 0 1 
Blink** REVID Block 0 | 1 X 








i 


*AtSelectedRow Decode **AtCursor Blink Rate 
Note: lf Character is Blinking at Character Rate, Cursor will change it to Cursor Blink Rate. 
2 








FIGURE 5 | 
ROM CHARACTER BLOCK FORMAT 





ROWS 

(ALLZEROS)—=0 0 0 0 0 0 0 0-— — Ro 0 0 0 
0 fo 0 0 @ “0. >. 0 1 — Rt 0 0 o 14 
010 000 0 0 0l— — R2 0 o 1 0 
0 | 0000000 | ss:.1e8 RS 0 o 1 1 
010 000 00 0/— — R4 0 1 OO O 
0 0 0000 0 0 | — — RS 0 1 o 

(EIT ROM) 0/0 0 00 0 0 0{/— — R6 0 14 1 O 
0 | 000000 0 an ee, Ry o 11 1 
01/0 0 0 00 0 0f{— — R8 1 0 0 0 
0 0 00 00 0 0 |! eee RO 1 0 0 1 
010 00 0 0 0 0j— —~ RiP 1 0 1 0 
o!o 0 0 o 0 0 of~ — Rit 1 0 14 1 
0 000 0000--— RP 1 1 #0 0 
000 00000- — RB 1 14 0 1 

(ALLZEROS) 45 9 09 000 00- -— AYI4 1 4 1 0 
000 00000-=— — RIS 1 4 4 4 





*C7 C6 C5 C4 C3 C2 C1 CH —-— — 


EXTENDED ZEROS (BACK FILL) 
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FIGURE 1 
WIDE GRAPHICS MODE 


5 BITS** NBITS** MS8=9 MS1=6 Be Gar. 


C7 C6 C5 C4 C3 C2 C1 CM BF BF-- 


3 LINES” 
3 LINES 
3 LINES 


3 LINES 





*ON CHIP ROM PROGRAMMABLE TO 2, 3, OR 4 LINE MULTIPLES 
**CAN BE PROGRAMMED FROM 1 TO 7 BITS 
***LENGTH DETERMINED BY LD/SH, VDC TIMING 


EXAMPLE: 10010110 


MZ : ; 
Wa a a ich erat 


BF = back fill 


FIGURE 2 
THIN GRAPHICS MODE 
MS9=9 MS1=1 


Rg 
R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
Rig 


—, PROGRAMMABLE 
ROW 


NOTE: When A1 = “1”, the underline 
: row/rows are deleted. 
pe isIE SEGRE IS MASK PROGRAMMABLE When Al = "0", the underline, 
TO ROW 9000 if selected, will appear. 


* LENGTH DETERMINED BY LD/5H, VDC TIMING BF =back fill 


FIGURE 3 
EXTERNAL MODE 
MS@=1 MS1=6 


C7 C6 C5 C4 C3 C2 Ci CO BF BF 
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BF = back fill 








FIGURE 4 TYPICAL VIDEO OUTPUT 
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x = character number 
y =column number 
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STANDARD MICROSYSTEMS _ CRT. _ 
CORPORATION a C i r 8002 001 


CODING INFORMATION 


CRT Video Display-Controller 
Video Generator VDAC” 
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WIDE GRAPHICS MODE THIN GRAPHICS MODE 
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NOTE: Unselected raster line rows NOTE: When Al = "1". the underline 
are always filled with ones. rinlaaetel ont Niates sees 
if selected, will appear. 
BF =back fill BF = back fitl 
ATTRIBUTES 

Underline ; Blink Rate 
Underline will be a single horizontal line at row R11 The character blink rate will be 1.875 Hz 
Cursor Strike-Thru 


Cursor will be a blinking reverse video block, blinking at 3.75 Hz The strike-thru will be a double line at rows RS and R6 
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WIDE GRAPHICS MODE THIN GRAPHICS MODE 
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Note: R11-R15 are 
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ATTRIBUTES 


Underline Blink Rate 

Underline will be a single horizontal line at R8 The character blink rate is 1.875 Hz 

Cursor — Strike-Thru 

Cursor will be a blinking reverse video biock, blinking at 3.75 Hz The strike-thru will be a single horizontal line at R4 
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spupespenecostss CRT 8002-005 


CODING INFORMATION 


CRT Video Display-Controller 
| Video Generator VDAC™ 
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ATTRIBUTES 
Underline Blink Rate 
Underline will be a single horizontal line at R12 The character blink rate is 1.875 Hz 
Cursor Strike-Thru 
Cursor will be a reverse video block The strike-thru will be a double line at rows R5 and R6 
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CODING INFORMATION 


CRT Video Display-Controliler 
Video Generator VDAC" 
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Underline 


Underline will be a single horizontal line at R11 


Cursor 


Cursor will be a blinking reverse video block, 


blinking at 3.75 Hz 
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WIDE GRAPHICS MODE 


C7 C6 C5 C4 C3 C2 C1 CO BF BF 


101 110 
C6...CO|C6...CO| C6...CO} C6...C0 


C6...C0|C6...CO|C6...CO 
goge | guauoee sgaeeee | sagpege gasneee 


ooosode | coooseo 
oooooon | oo00000 
aoooond | co00000 


gooo0no 


aad 
bpooosdco 
fajelal laralel 
jelela} 
pee 
fetet tetetata Oj 2 [ [ated 
ooocces 2=93000° 
sooocec aso0050c 


jO000ND: 
jOnNoonoo! 


s000D0! 
gogneon 
gcoooca 


Booeeae 
coon000 


8 


iO fF oui 
1 | GOA! 


39088 
3 


jeje] 


ooo0' 

O00 | 
‘O00! 
[al 


oogoocgo0000 
oogcoco0Gos 


is | cooCoD 


ooooooooo 
joooooonoD 
joogec0cea 
ggggggagagg 
ieteeteyet saat 
SSSSRERE 
SREBRERS 


: 


aor 
| oe@8oococo! 
OO | dooGooo0n: 


OOHOD fF oaa! 


g000000 Bgaages js] 
pooco0d | sdcc000 oooo000 


THIN GRAPHICS MODE 
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ATTRIBUTES 


Blink Rate 
The character blink rate is 1.875 Hz 
Strike-Thru 


The strike-thru will be a double line at 
rows R5 and R6 
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SuBpMCSTNS =—_CRT, 8002-018 


CODING INFORMATION 


CRT Video Display-Controller 
Video Generator VDAC” 
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Note: R11-R15 are 
always filled with ones 





ATTRIBUTES 


Underline Blink Rate 
Underline will be a double horizontal line at R7 and R8 The character blink rate is 1.875 Hz 


Cursor Strike-Thru 
Cursor will be a reverse video block 991 The strike-thru will be a single horizontal line at R4 
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STANDARD MICROSYSTEMS 


CORPORATION as CRT 8002H 
——<—$ SS 


[LPC FAMILY 


CRT Video Display Attributes Controller 
Video Generator _ 


FEATURES 


CL) On chip character generator (mask programmable) VIDEO 1CJ 


128 Characters (alphanumeric and graphic) 
7x11 Dot matrix block 
C] On chip video shift register 
Maximum shift register frequency 25 MHz 
L] ROM Access time 310 ns 


C] On chip horizontal and vertical retrace video blanking 


C] No descender circuitry required 
C] Four modes of operation (intermixable) 
Internal character generator (ROM) 
Wide graphics 
Thin graphics 
External inputs (fonts/dot graphics) 
CL] On chip attribute logic— character, field 
Reverse video 
Character blank 
Character blink 
Underline 
Strike-thru 


LJ On chip cursor 


PIN CONFIGURATION 












J 28 RETBL 
) 27 CURSOR 
J 26 MSP 

L_} 25 MS1 

tL ) 24 BLINK 
[] 23 V SYNC 


J 22 CHABL 
LJ 21 REVID 
| 20 UNDLN 
1319 STKRU 
r_)18 ATTBE 
’_j)17 GND 
T) 16 RG 
15 R1 


LD/SH 2 
voce 3lJ 
Ad 4(0 
Al 5( 
A2 6(4 
AS 7UJ 
A4 8(] 
A5 9(J 
A6 10 () 
A7 11 
Vee 12 CJ 
R2 13 (C4 
R3 14(4 


L] Programmable character blink rate UOn CIP addiess Dune 
. C] On chip attribute buffer 
L] Programmable cursor blink rate O45 : 
L] Subscriptable ro volt Ope anon 
C] TTL compatible 


C] Expandable character set 
External fonts 
Alphanumeric and graphic 
RAM, ROM, and PROM 


[1 N-channel COPLAMOS6® Titanium 
Disilicide Process 
LC] Compatible with CRT 5027/37 VTAC® 


General Description 


The SMC CRT 8002H Video Display Attributes Controller 
(VDAC) is an n-channel COPLAMOS® MOS/LSI de- 
vice. It contains a 7X11X128 character generator ROM, 
a wide graphics mode, a thin graphics mode, an externa! 
input mode, character address/data latch, field and/or 
character attribute logic, attribute latch, four cursor 
modes, two programmable blink rates, and a high speed 
video shift register. The CRT 8002H VDAC is a com- 
panion chip to SMC’s CRT 5027/37 VTAC®. Together 
these two chips comprise the circuitry required for the 
display portion of a CRT video terminal. 


The CRT 8002H video output may be connected directly 
toa CRT monitor video input. The CRT 5027/37 blanking 
output can be connected directly to the CRT 8002H 
retrace blank input to provide both horizontal and 
vertical retrace blanking of the video output. 


The CRT 8002H attributes include: reverse video, char- 
acter blank, blink, underline, and strike-thru. The 
character blink rate is mask programmable from 7.5 Hz 
to 1.0 Hz and has a duty cycle of 75/25. The underline 


and strike-thru are similar but independently controlled 
functions and can be mask programmed to any number 
of raster lines at any position in the character block. 
These attributes are available in all modes. 


In the wide graphic mode the CRT 8002H produces a 
graphic entity the size of the character block. The 
graphic entity contains 8 parts, each of which is asso- 
ciated with one bit of a graphic byte, thereby providing 
for 256 unique graphic symbols. Thus, the CRT 8002H 
can produce either an alphanumeric symbol ora graphic 
entity depending on the mode selected. The mode can 
be changed on a per character basis. 


The thin graphic mode enables the user to create single 
line drawings and forms. 


The external mode enables the user to extend the on- 
chip ROM character set and/or the on-chip graphics 
capabilities by inserting external symbols. These ex- 
ternal symbols can come from either RAM, ROM or 
PROM. 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range 
Storage Temperature Range 


Lead Temperature (soldering, 10SEC.) . 6.6. nett eee es +325°C 
Positive Voltage on any Pin. with respect to ground ......... 2.2.06 eens +8.0V 
—03V 


Klanativa Valtane nn anv Pin with recnect to around 
Sas ES ele v : : : = 


“Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or “glitches’’ on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc= +5V+5%, unless otherwise noted) 

















































































































Parameter Min. Typ. | Max. | Unit —— Comments 
D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 
Low-level, Vi, 0.8 V excluding VDG 
High-level, Vin 2.0 Vv excluding VDG 
INPUT VOLTAGE LEVELS-CLOCK 
Low-level, Vir 0.8 V 
High-level, Vix 43 V See Figure 6 
OUTPUT VOLTAGE LEVELS 
Low-level, Vo, 0.4 V lop = 0.4 mA, 74LSXX load 
High-level, Vou 2.4 V lon = —20nA 
INPUT CURRENT 
Leakage, I, (Except CLOCK) 10 HA | O<Vin=Vec 
Leakage, |, (CLOCK Only) 50 UA O<Vin<Vec 
_...INPUT CAPACITANCE Sree = fie eter ah ie tt: 
Data __ 10 pF @ 1TMHz ‘ 
LD/SH 20 pF @ 1MHz 
CLOCK 25 pF @ 1MHz 
POWER SUPPLY CURRENT | 
cc 100 mA | 
A.C. CHARACTERISTICS 
See Figure 6, 7 
San zs $e 2 ses ee, a aoe Saath ean, 
SYMBOL PARAMETER MIN. MAX. UNITS | 
VDC Video Dot Clock Frequency 1.0 : 25 = MHz 
Sec a al aga SST aCe Oa Pues rete Senos Seeman 
PWu VDC— High Time 11.0 ns 
PW. VDC—Low Time | 11.0 ns | 
[ tey LD/SH cycle time 310 ns 
< ska . Sn aanee a, oerere ie alee < 
te, te Rise, fall time 9 ns 
tset-up | Input set-up time 20 ns 
ane — ee 
tHotp Input hold time 15 ns 
ils o ae moc. : = ep = 
tep:, tepo | Output propagation delay 15 27 ns 
ti LD/SH set-up time 5 mre ns 
ie te LD/SH hold time 5 | | ns 
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N Mi TEMS = 
Spa rons CRT, 9002-016 


CODING INFORMATION 


CRT Video Display-Controller 
Video Generator VDAC” 
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Note: R11-R15 are 
always filled with ones 





ATTRIBUTES 


Underline Blink Rate 
Underline will be a double horizontal line at R7 and R8 The character blink rate is 1.875 Hz 
Cursor Strike-Thru 


Cursor will be a reverse video block 291 The strike-thru will be a single horizontal line at R4 
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STANDARD MICROSYSTEMS 
——— 






CRT 8002H 


[LPC FAMILY 


CRT Video Display Attributes Controller 
Video Generator _ 
VDAC™ 


FEATURES 


L] On chip character generator (mask programmable) 


128 Characters (alphanumeric and graphic) 
7x11 Dot matrix block 


LJ On chip video shift register 
Maximum shift register frequency 25 MHz 


Li ROM Access time 310 ns 


CL] On chip horizontal and vertical retrace video blanking 


LC] No descender circuitry required 
L] Four modes of operation (intermixable) 
Internal character generator (ROM) 
Wide graphics 
Thin graphics 
External inputs (fonts/dot graphics) 
L] On chip attribute logic— character, field 
Reverse video 
Character blank 
Character blink 
Underline 
Strike-thru 
CL] On chip cursor 
L] Programmable character blink rate 
CL] Programmable cursor blink rate 
L] Subscriptable 
L] Expandable character set 
External fonts 
Alphanumeric and graphic 
RAM, ROM, and PROM 


PIN CONFIGURATION 


VIDEO 14 
LD/SH 2 


voc 3) 











28 RETBL 
[J 27 CURSOR 
26 Msg 

J 25 MS1 

[J 24 BLINK 
] 23 V SYNC 
J) 22 CHABL 
) 21 REVID 
) 20 UNDLN 
19 STKRU 
18 ATTBE 
J 17 GND 
7 16 RP 

7 15 Rt 


L] On chip address buffer 

LI On chip attribute buffer 

[) +5 volt operation 

[] TTL compatible 

C] N-channel COPLAMOS® Titanium 
Disilicide Process 

C) Compatible with CRT 5027/37 VTAC® 


General Description 


The SMC CRT 8002H Video Display Attributes Controller 
(VDAC) is an n-channel COPLAMOS® MOS/LSI de- 
vice. It contains a 7X11X128 character generator ROM, 
a wide graphics mode, a thin graphics mode, an external 
input mode, character address/data latch, field and/or 
character attribute logic, attribute latch, four cursor 
modes, two programmable blink rates, and a high speed 
video shift register. The CRT 8002H VDAC is a com- 
panion chip to SMC’s CRT 5027/37 VTAC®. Together 
these two chips comprise the circuitry required for the 
display portion of a CRT video terminal. 


The CRT 8002H video output may be connected directly 
toa CRT monitor video input. The CRT 5027/37 blanking 
Output can be connected directly to the CRT 8002H 
retrace blank input to provide both horizontal and 
vertical retrace blanking of the video output. 


The CRT 8002H attributes include: reverse video, char- 
acter blank, blink, underline, and strike-thru. The 
character blink rate is mask programmable from 7.5 Hz 
to 1.0 Hz and has a duty cycle of 75/25. The underline 


and strike-thru are similar but independently controlled 
functions and can be mask programmed to any number 
of raster lines at any position in the character block. 
These attributes are available in all modes. 


In the wide graphic mode the CRT 8002H produces a 
graphic entity the size of the character block. The 
graphic entity contains 8 parts, each of which is asso- 
ciated with one bit of a graphic byte, thereby providing 
for 256 unique graphic symbols. Thus, the CRT 8002H 
can produce either an alphanumeric symbol ora graphic 
entity depending on the mode selected. The mode can 
be changed on a per character basis. 


The thin graphic mode enables the user to create single 
line drawings and forms. 


The external mode enables the user to extend the on- 

chip ROM character set and/or the on-chip graphics 

capabilities by inserting external symbols. These ex- 

ll symbols can come from either RAM, ROM or 
M. 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range 
Storage Temperature Range 


def Aah Ste Deaeeraaatis teeta Oia se. gat at set ad ire east aan loot, were ee eect ae meee f O°C to + 70°C 
rea Gat arin ae te sat Bah erat eae mete Mud aals ay ty cee ene Rea Re eta eye — 55°C to + 150°C 


Lead Temperature (soldering, 10 S€C.) . 2.2... ee teeter ete e teens +325°C 


Positive Voltage on any Pin, with respect to ground 
Negative Voltage on anv Pin. with respect to around 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or ‘‘glitches’’ on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc=+5V+5%, unless otherwise noted) 








Parameter 


D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 
Low-level, Vi. 
High-level, Vin 
INPUT VOLTAGE LEVELS-CLOCK 
Low-level, Vit 
High-level, Vi4 
OUTPUT VOLTAGE LEVELS 
Low-level, Vo, 
High-level, Vou 
INPUT CURRENT 
Leakage, I, (Except CLOCK) 
Leakage, |, (CLOCK Only) 
INPUT CAPACITANCE 
Data__ 
LD/SH 
CLOCK 
POWER SUPPLY CURRENT 


cc 


A.C. CHARACTERISTICS 
See Figure 6, 7 











Parameter | Min. 


pF 
pF 
pF 


mA 


100 











Comments 








excluding VDC 
excluding VDC 


See Figure 6 


lo, = 0.4 mA, 74LSXX load 
lon = —20pA 


O25 Vee 
0<Vin<Vee 


















































ao c2 2 a, = eae : aa — T _ 
| SYMBOL PARAMETER | MIN. MAX. UNITS 
L teccstolnteng i Se nt oat 8 Se Boece need iss See 
VDC Video Dot Clock Frequency 1.0 25 MHz 
aaa a a ee SS TaEAIEAEREEIEEEL SEEEEEEiEEEEee! a rr 
PWu VDC— High Time 11.0 ns 
ee vee ener tees States oerarertae eI Ese et tenon ene) Meets e- eeeeee eetcn e 
PW. VDC—Low Time 11.0 | ns 
tcy LD/SH cycle time 310 | ns 
tr, te Rise, fall time | 9 ns 
tset-up Input set-up time 20 ns 
a rE e 7 
tHoLp Input hold time 15 ns 
tro, tppo 4 Output propagation delay 15 27 ns 
——— RS a ee en ETT oe _ +— + 
ti LD/SH set-up time 5 ns 
te a LD/SH hold time 5 | s ns 
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ROW ADDRESS 
RB-R3 


g 


LINE 
DECODER 













BLOCK DIAGRAM 









STRIKE-THRU 
SELECT 


UNDERLINE 
SELECT LOGIC 

CURSOR cates 

7x 11x 128 
RETRACE BLANK DECODER is) is 
ATTRIBUTE ENABLE ’ 
MODE SELECT @ LOGIC 

cé Cp 

A7 Ag 











GRAPHIC 










ADDRESS/DATA , Ag 
INPUTS = B=, 















ADDRESS/ 
-DATA 

















MODE SELECT 1 : 

REVERSE VIDEO i 

UNDERLINE ATTRIBUTE LOGIC ATTRIBUTE 
LOGIC 


STRIKE THRU il 
(o;; ers ae , 
Ags 
D SHIFT 
VIDEO DOT CLOCK —— 4 oe eee cP REGISTER a VIDEO 
SRB 8 BIT 7 


BLINK 


LOAD/SHIFT 
CURSOR RATE 
Vv 
ee p+N | LOGIC | CHARACTER RATE 





ALL INPUTS __ 
(except VDC, LD/SH) 


VIDEO 
OUTPUT 


FIGURE 7 
AC TIMING DIAGRAM 
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PIN NO. 







SYMBOL 


VIDEO 


LD/SH 





DESCRIPTION OF PIN FUNCTIONS 





INPUT/ 









FUNCTION 





NAME jeune 
Video Output 





Load/Shift ] 








3 





VDC 


— WideoDotClock I 
nomena 





4-11 


A@-A7 









The video output contains the dot stream for the selected row of the alpha- 
numeric, wide graphic, thin graphic, or external character after processing by 
the attribute logic, and the retrace blank and cursor inputs. 

In the alphanumeric mode, the characters are ROM programmed into the 
77 dots, (7X11) allocated for each of the 128 characters. See figure 5. The top 
row (Rf) and rows R12 to R15 are normally all zeros as is column C7. Thus, the 
| CNaracier is Geiined in ine DOx DOuNdES Dy Ai to Hii and Up to OO. When a row 
of the ROM, via the attribute logic, is paralle! loaded into the 8-bit shift-register, 
| the first bit serially shifted out is C7 (A zero; or a one in REVID). It is followed 
by C6, C5, through Cg. 

; The timing of the Load/Shift pulse will determine the number of additional 
{— —, zero to N) backfill zeros (or ones if in REVID) shifted out. See figure 4. 
;When the next Load/Shift pulse appears the next character’s row of the ROM, 
| via the attribute logic, is parallel loaded into the shift register and the cycle 
repeats. 


| The 8 bit shift register parallel-in load or serial-out shift modes are established 
hi 


by the Load/ t input. When low, this input enables the shift register for 
serial shifting with each Video Dot Clock pulse. When high, the shift register 
| parallel (broadside) data inputs are enabled and synchronous loading occurs 
‘on the next Video Dot Clock pulse. During parallel loading, serial data flow 
‘is inhibited. The Address/Data inputs (A@-A7) are latched on the negative 
‘transition of the Load/Shift input. See timing diagram, figure 7. 


| Frequency at which video is shifted. 





Address/Data’ | i In the Alphanumeric Mode the 7 bits on inputs (A@-A6) are internally decoded 


to address one of the 128 available characters (A7 =X). In the External Mode, 
' AQ-A7 is used to insert an 8 bit word from a user defined external ROM, PROM 
_or RAM into the on-chip Attribute logic. In the wide Graphic Modes AQ-A7 is 
used to define one of 256 graphic entities. In the thin Graphic Mode A@-A2 is 
‘used to define the 3 line segments. 





12 


—_ | 
13,14,15,16/R2,R3,R1,RG) 


Vec 


PowerSupply . PS 


_ 5 volt power supply 





Row Address ! I 


| These 4 binary inputs define the row address in the current character block. 
a a Se ee ee 





' Ground 
i 





A positive level on this input enables data from the Reverse Video, Character 

| Blank, Underline, Strike-Thru, Blink, Mode Select §, and Mode Select 1 inputs 
_to be strobed into the on-chip attribute latch at the negative transition of 
, the Load/Shift pulse. The latch loading is disabled when this input is low. 
_ The latched attributes wiil remain fixed until this input becomes high again. 
To facilitate attribute latching on a character by character basis, tie ATTBE 
| high. See timing diagram, figure 7. 





17 GND Ground GND 
18 ATTBE = Aitribute Enable | | 

i 

gees Sst ee “7. TL, 
19 STKRU Strike-Thruu | 1 


1 
' 
fi 
{ 





When this input is high and RETBL=0, the parallel inputs to the shift register 
| are forced high (SR8-SR7), providing a solid line segment throughout the 
| character block. The operation of strike-thru is modified by Reverse Video 
(see table 1). In addition, an on-chip ROM programmable decoder is available 
to decode the line count on which strike-thru is to be placed as well as to 
program the strike-thru to be 1 to N raster lines high. Actually, the strike-thru 
| decoder (mask programmable) logic allows the strike-thru to be any number 
or arrangement of horizontal lines in the character block. The standard strike- 
thru will be’a double line on rows R5 and R6. 





: When this input is high and RETBL=0, the parallel inputs to the shift register 


20 UNDLN Underline i I 


21 


22 


23 





{ 
i 


| 
{ 





REVID 


CHABL 


V SYNC 


i 


{ 


! are forced high (SR@-SR7), providing a solid line segment throughout the 
' character block. The operation of underline is modified by Reverse Video 
| (see table 1). In addition, an on-chip ROM programmable decoder is available 
to decode the line count on which underline is to be placed as well as to 
| program the underline to be 1 to N raster lines high. Actually, the underline 
| decoder (mask programmable) logic allows the underline to be any number 
| Or arrangement of horizontal lines in the character block. The standard under- 
| line will be a single line on R11. 





Reverse Video I 


Character Blank I 


V SYNC | 


When this input is low and RETBL = 0, data into the Attribute Logic is presented 
‘directly to the shift register parallel inputs. When reverse video is high data 
iinto the Attribute Logic is inverted and then presented to the shift register 
parallel inputs. This operation reverses the data and field video. See table 1. 


: When this input is high, the parallel inputs to the shift register are all set low, 
| providing a blank character line segment. Character blank will override blink, 


The gneration of Ch racter Blank is madifiael hu: tha 


mme Operacor n moditiea by the Reverse Viaeo input. 


See table 1. 


This input is used as the clock input for the two on-chip mask programmable 
' blink rate dividers. The cursor blink rate (50/50 duty cycle) will be twice the 
‘character blink rate (75/25 duty cycle). The divisors can be programmed from 
+ 4to + 30 for the cursor(+ 8 to + 60 for the character). 








24 


BLINK 


Blink I 





‘When this input is high and RETBL=0 and CHABL = 0, the character will blink 
| at the programmed character blink rate. Blinking is accomplished by blanking 
the character block with the internal Character Blink clock. The standard 
: character blink rate is 1.875Hz. 





25 
26 













Mode Select 1 I 
Mode Select 9 1 








Alphanumeric 
Thin Graphics 


External Mode 





| 0 | 0 | Wide Graphics | 


These 2 inputs define the four modes of operation of the CRT 8002 as follows: 
Alphanumeric Mode — In this mode addresses A@-A6 (A7=X) are in- 
ternally decoded to address 1 of the 128 available ROM characters. The 
addressed character along with the decoded row will define a 7 bit output 
from the ROM to be loaded into the shift register via the attribute logic. 

| Thin Graphics Mode— In this mode A@-A2 (A3-A7=X) will be loaded 

into the thin graphic logic along with the row addresses. This logic will 

define the segments of a graphic entity as defined in figure 2. The top of 

; the entity will begin on row 0000 and will end on a mask programmable row. 
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DESCRIPTION OF PIN FUNCTIONS 


INPUT/ 
OUTPUT 









FUNCTION 


External Mode —In this mode the inputs A@-A7 go directly from the 
character latch into the shift register via the attribute logic. Thus the user 
may define external character fonts or graphic entities in an external 
PROM, ROM or RAM. See figure 3. 

Wide Graphics Mode—In this mode the inputs A@-A7 will define a graphic 
entity as described in figure 1. Each line of the graphic entity is determined 
by the wide graphic logic in conjunction with the row inputs R@ to R3. In 
this mode each segment of the entity is defined by one of the bits of the 
8 bit word. Therefore, the 8 bits can define any 1 of the 256 possible graphic 
entities. These entities can butt up against each other to form a contiguous 
pattern or can be interspaced with alphanumeric characters. Each of the 
entities occupies the space of 1 character block and thus requires 1 Lane 
eB eer ie ce eel ee os Oates ee Ne ee el OP MEMO: 2 Sk Bo | : e 
These 4 modes c can be intermixed 0 on: a a per character basis. 


27. | CURSOR! Cursor I When this input is enabled 1 of the 4 pre-programmed cursor modes will be 
activated. The cursor mode is on-chip mask programmable. The standard cur- 
sor will be a blinking (at 3.75Hz) reverse video block. The 4 cursor modes are: 
Underline—In this mode an underline (1 to N raster lines) at the programmed 
underline position occurs. 
Blinking Underline—In this mode the underline blinks at the cursor rate. 
Reverse Video Block—In this mode the Character Block is set to reverse 
video. 
| Blinking Reverse Video Block—In this mode the Character Block is set to 
| reverse video at the cursor blink rate. The Character Block will alternate 
| between normal video and reverse video. 
| The cursor functions are listed in table 1. 

28 RETBL Retrace Blank I When this input is latched high, the shift register parallel inputs are uncon- 
ditionally cleared to all zeros and loaded into the shift register on the next 
Load/ pulse. This blanks the video, independent of all attributes, during 
horizontal and vertical retrace time. 


TABLE 1 
RETBL REVID | CHABL | UNDLN* 





(cont.} 


























CURSOR 








FUNCTION 







> 
=z 
= 
— 
(a) 
uy 
ie) 






































X 1 “0” SR. All 
0 0 D = (§.R.) All 
0 0 te oF) (S. R. )* 
D  (S.R.) All others 
0 0 X “0” (S.R.) All 
0 0 0 D  (S.R.) All . 
0 0 1 “0” (S. R. )* 
D  (S.R.) All others 
0 0 1 X “4” (S.R.) All 
Underline* 0 0 X “47 (S.R.)* 
D (S.R.) All others 
Underline” 0 0 1 X “4” (S.R.)* 
“QO” (S.R.) All others 
Underline” 0 1 0 X “QO” (S.R.)* 
D_ (S.R.) All others 
Underline* 0 1 1 X “0” (S.R.)* 
“4” (S.R.) All others 
Blinking** Underline* 0 0 0 X “4” (S.R.)* Blinking 
D  (S.R.) All others 
Blinking** Underline* 0 0 1 X “4” (S.R.)* Blinking 
“90” (S.R.) All others 
Blinking** Underline” 0 1 0 X “QO” .(S.R.)* Blinking 
D . (S.R.) All others 
Blinking** Underline* 0 1 1 X “QO”  (S.R.)* Blinking 
“4”. (S.R.) All others 
REVID Black 0 0 0 | 0 D_ (S.R.) All 
REVID Block 0 0 0 1 “QO”. (S.R)* 
| D (S.R.) All others 
REVID Block - 0 0 1 X “477 (S.R.) All 
REVID Block 0 0 0 1 “QO” (S.R.)* 
D  (S.R.) All others 
REVID Block 0 1 0 0 D (S.R.) All 
REVID Block 0 1 0 4 “4”? (S.R.)* 
D  (S.R.) All others 
REVID Block 0 1 1 X “QO” (S:R.) All 
Blink** REVID Block 0 0 07 0 
Blink** REVID Block 0 0 0 1 
Blink** REVID Block 0 0 1 Xx Alternate Normal Video/REVID 
Blink** REVID Block 0 1 0 0 At Cursor Blink Rate 
Blink* * REVID Block 0. 1 0 1 
Blink* * REVID Block 0 1 1 X 





*AtSelected RowDecode **AtCursor Blink Rate 
Note: lf Character is Blinking at Character Rate, Cursor will change it to Cursor Blink Rate. 
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FIGURE 5 
ROM CHARACTER BLOCK FORMAT 
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BY LD/SH, VDC TIMING) 


COLUMN 7 IS SHIFTED OUT FIRST 
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CONSULT FACTORY FOR CUSTOM FONT AND OPTION PROGRAMMING FORMS. 
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FIGURE 1 


WIDE GRAPHICS MODE 


SBITS*: NBITS** MS8=6 MS1=9 C7 C6 C5 C4 C3 C2 C1 CP BE BF 


ROW ADDRESS 


=I ee 
cues 





*ON CHIP ROM PROGRAMMABLE TO 2, 3, OR 4 LINE MULTIPLES 
**CAN BE PROGRAMMED FROM 1 TO 7 BITS 
*** LENGTH DETERMINED BY LD/SH, VDC TIMING 


EXAMPLE: 10010110 


NOTE: Unselected raster line rows, 
are always filled with ones. 


BF =bactk fill 


FIGURE 2 
THIN GRAPHICS MODE 


MS#=9 MS1=1 C7 C6 C5 C4 C3 C2 CI CP BF BF... 


Rg 
R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
RIS 


— PROGRAMMABLE Ri1 NOTE 
ROW 


SECTION V 


NOTE: When A1 =“‘1", the underline 
row/rows are deleted. 


De NED aN IS MASK PROGRAMMABLE When A1 = "0", the underline, 
TO ROW 0000 if selected, will appear. 


* LENGTH DETERMINED BY LD/SH, VDC TIMING BF =back fill 


FIGURE 3 


EXTERNAL MODE 
MS¢=1 MS1=6 


C7 C6 C5 C4 C3 C2 C1 CO BF BF 


ware [we [ sm] [o]s [Le] 


BF = back fill 
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a DoT |S bor! report ISBOT] 
1N/SH FIELD | FIELD | «9 FIELD FIELD 


vbCc 


VIDEO DATA 
8 DOT FIELD LA 


FIGURE 4 TYPICAL VIDEO OUTPUT 
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VIDEO DATA 


Enea x 
9DOTFIELD Leal alan ea 


NOTE: C,, 





Alphanumeric 


x =character number BF = back fill 
y = column number 


7404 


VIDEO DOT 
CLOCK 


MICRO- 
PROCESSOR 


FAME ROM __ 


(FOR pP) 


FIGURE 6 





BMeros Bit Hppeuge MY. 117A 
1516) 273-3100 » TWX-510-227-6086 


Of our competition $0 you can seep ahead of yours. 


CHARACTER CLOCK 
H SYNC HORIZ. SYNC 
BI-DIRECTIONAL DATA BUS 


V SYNC VERT. SYNC 


COMPOSITE 

c SYNC Fea 
VTAC® BLANKING 

CRT 5027 BL 

CRT 5037 


YOLINOW LHD OL 


CHARACTER 
ADDRESS 


BUS RASTER 


SCAN 
SELECTOR COUNTER 
WITH 


OPTIONAL 
hn 
PPI oe 
CIRCUIT ATTRIBUTES VDAC 
(IF REQUIRED) —\ CRT 8002H BLANKING 


ADDRESS VIDEO DOT SERIAL 
CLOCK OUTPUT 


OV1d YOSHND 


*2-PORT RAM 
1Kx8 TO 4Kx8 
CHARACTER TIMING 


FRAME Our FROM 
BUFFER DOT COUNTER CRT 5027 VTAC 
O 


*OR 1 PORT RAM CHARACTER CRT 8002 VDAC 
ene CLOCK uP CONFIGURATION 


PORT 


VDC (to chip) 


LD/SH (to chip) 





Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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M 
CORPORATION aes CRT 7004 
—v- siiaias 


Dot Matrix Character Generator 


128 Characters of 7.x .11 Bits - eas eee 


FEATURES 


C1 On chip character generator (mask programmable) 


128 Characters 
7x11 Dot matrix block PIN CONFIGURATION 


CJ Onchip video shift register 
Maximum shift register frequency 
CRT 7004A 20MHz 
CRT 7004B 15MHz 
CRT 7004C 10MHz 
Accesstime 400ns 


C1 No descender circuitry required 

[1] On chip cursor 

CI On chip character address buffer 

CJ On chip line address buffer 

(J Single +5 volt power supply 

CU TTL compatible 

11 MOS N-channel silicon-gate COPLAMOS® process 
(1 CLASP® technology —ROM 
O 
O 


=> 
= 
oO 
= 
o 
ua 
nn 





Compatible with CRT 5027 VTAC® PACKAGE: 24-Pin D.I.P. 
Enhanced version of CG5004L-1 








GENERAL DESCRIPTION FUNCTIONAL BLOCK DIAGRAM 
SMC’s CRT 7004 is a high speed charac- 

ter generator with a high speed video 

shift register designed to display 128 Line Address 
characters in a7 x 11 dot matrix. The Line Strobe 

CRT 7004 is an enhanced, pin for pin 

compatible, version of SMC’s CG5004L-1. 
It is fabricated using SMC’s patented 

COPLAMOS?® and CLASP® technologies Decoder 

and employs depletion mode loads, Address 


allowing operation from asingle +5v Shane 


supply. This process permits reduction of 
turn-around time for ROM patterns. 
The CRT 7004 is a companion chip to Gass 
SMC’s CRT 5027 VTAC®. Together these Address 
two chips comprise the circuitry required | {ower case 
for the display portion of a CRT video Intibit 
terminal. Cursor 
ae ag: 
Clock Output 


Preset 


Clear 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range .......... 6... cece ee nett beeen ene ee ees O°C to + 70°C 
Storage Temperature Range: 24 fc asdiecce ese uit s eke oeyeas ve onal aad pee Aieiathe ite et —55°C to + 150°C 
Lead Temperature (Soldering, 10 S€C.) 2... 6... eee eect nent nett eee enee +325°C 
Positive Voltage on any Pin, with respect to ground ........ 0... eee ees +8.0V 
Negative Voltage on any Pin, with respect to ground ............... 02. eee -0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voitage spikes or ‘glitches’ on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc=+5V+5%, unless otherwise noted) 


ns ete ep einen he ftneen nn iene or ee inaianminaincmaeae 


Parameter 


irre inl oN A tenement mtg 


Comments 








D.C. CHARACTERISTICS 

INPUT VOLTAGE LEVELS 
Low-level, Vit 
High-level, Vi4 

INPUT VOLTAGE LEVELS-CLOCK 
Low-level, Vit 
High-level, V,, 

OUTPUT VOLTAGE LEVELS 

Low-level, Vor 


















excluding VDC 
excluding VDC 


See AC Timing Diagram 


lo = 0.4 mA, 74LSXX load 


High-level, Voy lon = —20nA 
INPUT CURRENT 
Leakage, I, Vin = O, LS, AS, Ai-A7, Cursor LCI 


O=Viw=Vec, All others 
INPUT CAPACITANCE 





Data @ 1 MHz 
PE @ 1 MHz 
CLOCK @ 1MHz 
POWER SUPPLY CURRENT 
cc 
CRT 7004A CRT 7004B CRT 7004C 
SYMBOL PARAMETER aa a Be: aa UNITS 





MIN. MAX. MIN. MAX. MIN. 


VDC | Video Dot Clock Frequency 1.0 20 1.0 15 1.0 10 MHz. | 
PW, VDC — High Time 13.5 | | 2t 36 _ ons 
PW, | VDC—LowTime 13.5 36 ons | 


toyAS Address strobe to PE high 














i 













Line strobe to PE high 















Rise, fall time 


ASpw Address strobe pulse width 50 | la 





| Sw | Linestrobe pulsewidth [50 | | 50 
ee ee a 

| tow | Inputhotdtime | 
fg taibinis | SOumpuiprepepatlon a3 2a 60 90 | ns 


























DESCRIPTION OF PIN FUNCTIONS 


FUNCTION 


The output of the dynamic shift register is clocked out 
on this pin. The serial input to this shift register is 
internally grounded; thus zeros are shifted in while 
data is shifted out. 

+5 volt supply 

A positive pulse on this input enters data from the L1, 
L2, L4, L8 lines into the line address holding register. 
The LS input may be left open, in which case it is pulled 
up to Vcc by an internal resistor. Data on the L1 to L8 











PIN NO. SYMBOL NAME 
1 NC No Connection 
2 so Serial Output 
3 Vec Power Supply 
4 LS Line Strobe 
5 PRST Preset 

6,8,9,10 L1,L2, Line Address 

L4,L8 
7 CLR Clear 
11-17 A1-A7 Character Address 

18 LCl Lower Case Inhibit 
19 AS Address Strobe 


| 


inputs is then entered directly into the register without 
A high level on this input forces the last stage of the 
shift register and the serial output to a logic high. 

A binary number N, on these four inputs address the Nth 
line of the character font for N= 1—11. If lines 0, 12, 13, 
14 or 15 are addressed, the parallel inputs to the shift 
register are all forced low. 


A high level on this input forces the last stage of the shift 
register and the serial output to a logic low and will be 
latched (for a character time) by PE. Clear overrides 
preset. 


The seven-bit word on these inputs is decoded internally 
to address one of the 128 available characters. 

A high level on this input transforms the address of a 
lower case character into that of the equivalent upper 
case character. This is internally achieved by forcing 

A6 low whenever A7 and LCl are high. 

A positive pulse on this input enters data from the A1-A7, 
LCI and CUR inputs into the holding register. The AS 
input may be left open, in which case it is pulled up to 
Voc by an internal resistor. The data on the A1-A7, LCI 


and CUR inputs is then entered directly into the register 
| | without any latching action. 
20 CUR 


A high level on this input causes the cursor pattern to be 


SO (Video) 








Cursor* 


Clock 
No Connection 
Parallel Enable 


Ground 


| 
} 
















superimposed on the pattern of the character addressed, 
i.e., the two patterns are OR-ed to generate the parallel 
inputs to the shift register. The standard cursor is 
presented as a double underscore on rows 10 and 11. 


Frequency at which video (SO) is shifted. 





A high level on this input loads the word at the output of 
the ROM into the shift register. The PE input must then 

be brought low again to allow the shift register to clock 
out this word. 





AC TIMING DIAGRAM 
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74160 
DOT 
COUNTER 
{+N) CHARACTER CLOCK HORIZ. SYNC 
cP 
BI-DIRECTIONAL DATA BUS | 8 San Aie eae 


JANA c VORT. SVG 


ae 7 DBS-7 
VIDEO DOT ADDRESS BUS 4 
CLOCK ZY AG-3 COMPOSITE 


cs BLANKING 


YOLINOW LH9 OL 


CHARACTER CRV 
DATA BUS ADDRESS 4 


sBUS RASTER 
MICRO- ADDRESS BUS SCAN 


PROCESSOR }[PF-———J SELECTOR COUNTER 


: WITH 
CONTROL BUS I OPTIONAL 


MEMORY 
MAPPING 
V SYNC CIRCUIT RETRACE 


(FROM 5027) (IF REQUIRED) | BLANKING 


ADDRESS VIDEO DOT SERIAL 
INTERRUPT CLOCK OUTPUT 


TO »P . 
(TO UPDATE 1Kx8 TO RnB 
DATA IN RAM) i x 
ee. Q CHARACTER TIMING 
, 
SUEPEE AGT ores CRT 5027 VTAC 


OR CRT 7004 VDAC 
*OR 1 PORT RAM CHARACTER uP CONFIGURATION 


ae | WITH BI-DIRECT CLOCK 
RAM & ROM PORT 


OQ 
Cc 
p 
n 
ie) 
a 
mn 
cr 
> 
(7) 


AVL 





A 


fo [om [om | ome | om | 
C6...CO | C&...CO | Cé...Co C6...C0 

ry 

io | Gao8000 fa) 


Rt 





aul 
ggogcoc 
acocoaa 


BOOC000000 
ooonoonc0o05 


fetetetetatetetetet 


8 
|gg5ono009 | coed 


10 | cos! 





gooso0u0000 }| coooOo0c0n0 


8/3 














0800000800 j 0O800000800 } GooDDoCoo! 
oosoo000000 


gocogoco0G0 
90000000000 


gooq0d0] a 


“CONSULT FACTORY FOR CUSTOM FONT AND CURSOR OPTION. 
304 


1 2.3 4 5 6 7 1/8 2/1 


oot Va MD ZX CLL <LI LI 


PRESET | | aor 
CLEAR . Sake | 


7por FELD Sess yee eee 


spore Pee Seer eee ers 


BF = Back Fill 


TYPICAL VIDEO OUTPUT 


CLK (to chip) 


PE (to chip) 


LOAD/SHIFT exreanar 


NOTE 
The differences between the CRT 7004 and CG5004L-1 are detailed below: 


CG5004L-1 CRT 7004 

1. If both the Preset and Clear inputs are 1. Clear overrides Preset, no output disable is 
brought high simultaneously the Serial possible. 
Output is disabled and may be wire-ORed. 

2. All Inputs Vig = Vcc — 1.5V 2. All inputs (except CLK) Vi, = 2.0v, min. 

CLK Viy = 4.3v, min. 

3. SO Vo. = 0.4v @ Io. = 0.2MA 3. SO Vor = 0.4v @ lo. = 0.4mMA 74LSXX load 

4. Shift Register is static 4. Shift Register is dynamic 

5. Clear—directly forces the output low; when 5. Clear directly forces the output low and will 
released, the output is determined by the be latched (for a character time) by PE. 
state of the shift register output. 

6. General Timing Differences—See Timing 6. General Timing Differences—See Timing 
Diagram Diagram 


> 
=z 
2 
ro 
wo 
us 
wy 





STANDARD MICROSYSTEMS CRT 7004-003 
CORPORATION (5 X 7 ASCII) 


CODING INFORMATION 





Dot Matrix Character Generator 


oO 


0100 1011 1100 0° 
Se ee ed ed Ce eC 
oo fs} oo on fefstsy Isle] i=} O00] comoocd io 
Ba i it te ol laje\s] ocog8o0c0 O! [ale 





goocgodon! 
igceoo0g 
99 | Sa000900! 
1 | CooDNooGS: 
iO | ooocoooCo! 
0 | GooooNno: 


i000 
a 


[a] 
joo00000 





gooodo00nDdD | 00000000! 
g0008000000 j OogC00000n: 


oo00CBo0RDN j Gu00000C0G1 


oooodo0g00gR 
oo008aqcn00 
coods 
ooo00 


oooogog00! 
co0000000000 | 0000! 


oo008o00: 


[ey 
Hi 
Bao ooo0000000! 


00000000000 j Oo000000090 
iO }OOCHOOoNNCNS j OC ooGooooos | ao0c0000nn! 
ioo0! 


oooco0000SsSs 
go0coc00D0S: 
oo0cssass000 


js} 

ioo0 ;oo00o000! 

O00 jooonoo000oo 
900080! 


ooo00 gog00do is] joOSooc0 [s{s! [o,sje! gooo000 
ooo0000 Bo a fara} te oooco00 


The Cursor for the CRT 7004-003 is presented as a double underscore on Rows 8 and 9. 
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STANDARD MICROSYSTEMS 





CORPORATION aes 
——— 


CRT 9006-135 


CRT 9006-83 


[IPC FAMILY 


Single Row Buffer 


FEATURES: . 

LJ Low Cost Solution to CRT Memory Contention Problem 

CJ Provides Enhanced Processor Throughput for CRT 
Display Systems 

C] Provides 8 Bit Wide Variable Length Serial Memory 

CL] Permits Active Video on All Scan Lines of Data Row 


(] Dynamically Variable Number of Characters per Data Row— 


...64, 80, 132,...up to a Maximum of 135 

L] Cascadable for Data Rows Greater than 135 Characters 

L] Stackable for Invisible Attributes or Character 
Widths of Greater than 8 Bits 

C] Three-State Outputs 

C] 3.3MHz Typical Read/Write Data Rate 

_] Static Operation 

L] Compatible with SMC CRT 5037, CRT 9007, and other 
CRT Controllers 

L] 24 Pin Dual In Line Package 

{.] +5 Volt Only Power Supply 

(] TTL Compatible Inputs and Outputs 

XC] Available in 135 Byte Maximum Length (CRT 9006-135) 
or 83 Byte Maximum Length (CRT 9006-83) 


SRB 


PIN CONFIGURATION 


Package: 24-pin D.I.P. 





APPLICATIONS: 

L] CRT Data Row Buffer 

CL] Block-Oriented Buffer 

C] Printer Buffer 

CL] Synchronous Communications Buffer 
_] Floppy Disk Sector Buffer 


GENERAL DESCRIPTION 


The SMC Single Row Buffer (SRB) provides a low cost solu- 
tion to memory contention between the system processor and 
CRT controller in video display systems. 

The SRB is a RAM-based buffer which is loaded with character 
data from system memory during the first scan line of each 
data row. While data is being written into the RAM it is also 
being output through the multiplexer onto the Data Ouput 


(DOUT) Lines. During subsequent scan lines in the data row, 
the system will disable Write Enable (WREN) and cause data 
to be read out from the internal RAM for CRT screen refresh, 
thereby releasing the system memory for processor access 
for the remaining N-1 scan lines where N is the number of 
scan lines per data row. The SRB enhances processor through- 
put and permits a flicker-free display of data. 











3-STATE 
B 











> 
=z 
=] 
- 
o 
Lu 
” 





DESCRIPTION OF PIN FUNCTIONS 


NAME SYMBOL FUNCTION : 





DATA OUTPUTS DOUT3-DOUT® 


Data Outputs from the internal outout latch. 





Character clock. The negative-going edge of CLK clocks the 
latches. When CKEN (pin 8) is high, CLK will increment the 
address counter. 










6 i WRITE ENABLE 









7 CLEAR COUNTER CLRCNT 


CKEN 





CLOCK ENABLE 










— 
| — aa 


WREN | When WREN is low, data from the input latch i 
to the output latch and simultaneously writte 
locations in the RAM. 


Anegative transitionon CLRCNT clears the RAM address counter. 
CLRCNT is normally asserted low near the beginning of each 
scan line. 


When CKEN is high, CLK will clock the address counter. The 
combination of CKEN high and WREN low will allow the writing 
of data into the RAM. 


DATA INPUTS DIN@-DIN3 Data Inputs from system memory. 


+5 Volt supply. 


14-17 DATA INPUTS DIN4-DiN7 Data inputs from system memory. 





This output goes high when the RAM address counter reaches its 
maximum count. If cascaded operation of multiple CRT 9006's is 
desired for more than 135 bytes, OF may be used to drive the 
CKEN input of the second row buffer chip. 


When OE is low, the data outputs DOUT@-DOUT7 are enabled. 
When OE is high, DOUT@-DOUT7 present a high impedance 
State. 


| 20-28 | DATA OUTPUTS DOUT7-DOUT4 | Data Outputs from the internal output latch. 














3G 
= 
Cmnal 
re) 
” 
0) 
QO 
c 
@ 
3 
a. © 
sy 























OPERATION 


For CRT operation, the Write Enable (WREN) signal is 
made active for the duration of the top scan line of each 
data row. Clear Counter (CLRCNT) typically occurs at 
the beginning of each scan line (HSYNC may be used as 
input to ). Data is continually clocked into the 
input latch by CLK. When Clock Enable (CKEN) occurs, 
the data in the input latch (Write Data) is written into the 
first location of RAM. At the negative-going edge of the 
next clock, the address counter is incremented, the next 
input data is latched into the input latch, and the new data 
is then written into the RAM. Loading the RAM continues 
until one clock after CKEN goes inactive or until the 


RAM has been fully loaded (135 bytes). While data is 
being written into the RAM, itis also being outputthrough 
the multiplexer onto the Data Output (DOUT) lines. Each 
byte is loaded into the output latch one clock time later 
than it is written into the RAM. Output of the data during 
the first scan line permits the Video Display Controller 
(such as the CRT 8002) to display video on the first scan 
line. During subsequent scan lines inthe datarow, thesys- 
tem will disable Write Enable (WREN) and cause datato be 
read out from the internal RAM, thereby freeing the sys- 
term memory for processor access for the remaining N-1 
scan lines where N is the number of scan lines per data row. 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range .................. eee eee pat arse’ ook hyde Syste aca Hecate ee cedeas dca dt eeanatn ogee gudens oes O°Cto+ 70°C 
Storage Temperature Range: ic. ese 6i5.cscss clgiete evehecten t.05 00% 2 Abia Wade BAS alegre vee es Je oe bane -55°C to+ 150°C 
Lead Temperature (soldering, 10 SCC.) . 6. cece cece cere ee eee eee ree cece ee eee tenet eee eee eeneeee +325°C 
Positive Voltage on any Pin, with respect to ground ......... 0c cece cece cece cere ete e eee eee e eee n ee eeetaae +8.0V 
Negative Voltage on any Pin, with respect to Qround ........ cece eee e cece cece eee eee e teen ete en et eeeeeeeennes -0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 








ELECTRICAL CHARACTERISTICS (Ta = 0° C to 70° C, Vec=+5+5%, unless otherwise noted)  =§.—s—i“‘asstss—‘(i—~S 
































































































PARAMETER |  MIN| TYP| MAX | UNITS COMMENTS 
DC CHARACTERISTICS Seal 
Input Voltage Levels 
Low Level Vit 
High Level Vin 2.0 
Output Voltage Levels 
Low Level Vor lo. = 2mA 
High Level Vou 2.4 lon = —100uA 
Input Current O<VinS Voc 
Leakage, Ii 
Output ‘1’ Leakage 
Output ‘0’ Leakage 
(Off State) 
Input Capacitance 
CLK 
Ail other inputs = 
Power Supply Current 2 
loc (SRB-135) & 
loc (SRB-83) PA 
AC CHARACTERISTICS 
te 
” (SRB135) 300 | 250 | ns 
(SRB83) 400 | 330 ns | 
tex 
(SRB135) 240 | 190 ; DC ns 
(SRB83) 320 250 |} DC ns 
tekH 
(SRB135) 28 5000 ns 
(SRB83) 34 5000 ns 
texr 
(SRB135) 10 ns texn = 28ns 
(SRB83) | 10 ns texn = 34ns 
toxr 
(SRB135) 10 ns tex. =240ns 
(SRB83) 10 ns tex = 320ns 
toset 65 | ns 
toHoLo 0 ns 
tencke 0 | ns 
teNCKN ; 
(SRB135) 100 | ns 
(SRB83) 125 | ns 
tenHoLD 0 ns 
twrcokn 
(SRB135) 100 °: ns 
(SRB83) | 125 | | ns 
twenuip 0: | ns 
toout | 175 | ons Ci. = 50pF 
trson | 175 ns 
trsorr i | 175 ns 
toron | 175 ns C.= 30pF 
toirs | \ 
(SRB135) , 100 | | | ns 
(SRB83) : 125 | ; ns 
toLRH 0 | ns 


309 


FIGURE 1: AC CHARACTERISTICS 




















t i ' i 
t : CKEN | | | i 
tenckn 


el ead 


twrckn —| twennto —} 
WREN 
— 





























CLRCNT 


FIGURE 2: SINGLE ROW BUFFER READ TIMING 


cuk fq t t iz t t $3 t t t 
CHAR ADDRESS 
(HO = 1st VISIBLE CHAR) <ADOR MAXX HOC HTK He OX OK EO>=*KCHNE TX NE2 > 


ONE 


e— CLK —! a 
CHEN ein = =< 


ea SEES 
CURCNT MT TILTTTILILLLLLELTLLLLLLLLLTD 
MOOR ESS INTERNAL) ZZZZZZZZZZT TLL 2X. ADDRO_/~ADDAT \_ADDR2 ADDR NC ADDR N+ 
(LAST ADDR) 
RON 


READ DATA 
x AbG ADI RDS xX ‘ { 4 x x 
Notes: N = 134 FOR CRT9006-135 (INTERNAL) 


N = 82 FOR CRT9006-83 


tan = 1 CLK PERIOD (min) DoUT?-0 7777777777 LTT TID stare -<_DATAS_XDATAT X_} {DATA N- DATA Nae 
(LAST DATA 
OF —} +” ——_ 














FIGURE 3: SINGLE ROW BUFFER WRITE TIMING 


CLK 1 t rt imi t t git t t 


CHAR ADDRESS 











(HO = 1st VISIBLE CHAR) H2 H3_ X_$ Hye 
DIN7-@ <_CBATA DX DATAT XC DATA XAT OS ST >—HR HE 
oe ee ee ee 
WREN Y / / ? a ONE ; +$ 3 Z 





LK — 
CKEN im Gi ‘4 2 Spe Se en 
wae os wog X__Wo1 xX _wo2 3 bX WON > 
1 


ie—icia —| 


CLRCNT ATTTTTT THT HETIL, TITTLE TTT TL. 
ADDRESS 
COUNTER ADDRG_/ ADDRT \_ADDR2 ADDRy _/ ADDR. 





(INTERNAL) (LAST ADDR) 
pour7-0 T777TTTTLLTLILTT 1 D> aReE << DATA DATA TX 8X DATA XDATA NUR 
LLLL LLP stare (LAST DATA) /STATE 


Notes: N = 134 FOR CRT9006-135 
N = 82 FOR CRT9006-83 
tar = 1 CLK PERIOD (min.) 





 —  ———— ee eS 
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LLE 


MEMORY 


PROCESSOR 


‘ADDR DATA RD WR 


ay DEGODE 


ADDRESS BUS 


CRT CONTROLLER 
(CRT 5037, CRT 9007...) 


SL3_SL2_ SL1_ SL@CURS 








DISPLAY} TIME 


CLRCNT CKEN CLK R® CURSOR 


cRT 9006 POUT?-0 
SINGLE CRT8002 


® 
ROW BUFFER VDAC 


DOA-ZOS O- 





DOT 
CLOCK 


GENERATOR 
LD/SH 


vDC 


TO 
MONITOR 


FIGURE 2: TYPICAL CRT CONTROLLER CONFIGURATION WITH SINGLE ROW BUFFER 


Bann 








FIGURE 4: 
TYPICAL READ TIMING FOR SRB CASCADED CONFIGURATION 





ce pa te gL re eo ee KC a me eg 
EXTERNAL GHAR. ——<“AO_X_Al X_AB X AS KES Nana X An X Anes X Awe X Ams X77 TPIT TK CA 


MEMORY ADDRESS 


CKEN, ——P— a eee ae 
CLRCNTs , 2 ——/ \ Ss 
E E-STATE a 
THREE-STATE pe) q — THREE-S 







DOUT7-G, 





OF, = CKENgs 
DOUT7-6 + 


Notes: N = 134 FOR CRT9006-135 
N = 82 FOR CRT9006-83 
EXAMPLE IS FOR N+3 CHARACTERS TOTAL 
A, B REFER TO DEVICES A&B IN FIGURE 5 





FIGURE 5: 
TYPICAL CASCADE OF SINGLE ROW BUFFERS —270 BYTES TOTAL 


DATA OUT TO CHARACTER GENERATOR 













CLRCNT CLRCNT 

peicieas DOUT7-0 

WREN DOUT7-0 WREN 
CLK CLK . 
CKEN ROW BUFFER OF CKEN ROW BUFFER OF 
A B candi 
OE b—ov OE 

DATA INPUT FROM MEMORY>| DIN7-6 DIN7-0 


CRT 9006-135 CRT 9006-135 








Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently comptete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 


STANDARD MICROSYSTEMS 


35 Marcus Bd. Hauppauge. NY 11788 
(596) 273-3300 TWX- 510-227-8898 


We keep ahead of our competition so you can keep ahead of yours. 





devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and suppiy the best product possible. 
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STANDARD MICROSYSTEMS 


——— 


CRT 9212 


LPC FAMILY 


Double Row Buffer 
DRB 


FEATURES 


(_] Low Cost Solution to CRT Memory 
Contention Problem 


[_] Provides Enhanced Processor Throughput for 
CRT Display Systems 


(J Replaces Shift Registers or Several RAM and 
Counter IC’s in CRT Display System 





(] Permits Display of One Data Row While Next 
Data Row is Being Loaded 








(_] Data May be Written into Buffer at Less Than 
the Video Painting Rate 


(1 Double Data Row Buffer Permits Second Data 
Row to be Loaded Anytime during the Display 
of the Preceding Data Row 


- [] Permits Active Video on All Scan Lines of 
Data Row 


LJ Dynamically Variable Number of Characters 
per Data Row—...64, 80, 132,...up to 
a Maximum of 135 


L_] Cascadable for Data Rows Greater than 
135 Characters 


(] Stackable for “Invisible Attributes” 
or Character Widths of Greater than 8 Bits 








PIN CONFIGURATION 


DOUT2 10 (5 
DOUT1 11-4 
DOUTO 12 (5 


19 CLRCNT 


PACKAGE 28-pin D.I.P. 


_] Three-State Outputs 
C] Up to 4 MHz Read/Write Data Rate 


(_] Compatible with SMC CRT 5037, CRT 9007, 
and other CRT Controllers 


C] 28 Pin Dual-In-Line Package 
() +5 Volt Only Power Supply 
CJ TTL Compatible 


' GENERAL DESCRIPTION 


The CRT 9212 Double Row Buffer (DRB) provides 
a low cost solution to memory contention between the 
system processor and the CRT controller in video dis- 
play systems. 

The CRT 9212 DRB is a RAM-based buffer which 
provides two rows of buffering. It appears to the sys- 
tem as two octal shift registers of dynamically vari- 
able length (2-135 bytes) plus steering logic. 

The CRT 9212 permits the loading of one data row 


while the previous data row is being displayed. The 
loading of data may take place during any of the scan 
line times of the data row. This relaxed time-con- 
straint allows the processor to perform additional 
processing on the data or service other high priority 
interrupt conditions (such as a Floppy Disk DMA 
request) which may occur during a single video scan 
line. The result is enhanced processor throughput and 
flicker-free display of data. 
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ADDRESS 
COUNTER 1 |__ADDR7-0 


eres | 








DIN7-0 


ILOAY>e 


L 
Oct. . 3 STATE 
244 [tT oR =. 
MUX DOUT7-0 





VO CONTROL 


TOG 
CLRCNT 
OE 
RCLK 
REN 
WCLK 
WENt 
WEN2 
ROF 

» WOF 















ADDRESS 


RAM 2 
COUNTER 2 ADDR7-0 135 x8 












READ/WRITE 
CONTROL 














FIGURE 1: 
CRT 9212 DOUBLE ROW BUFFER BLOCK DIAGRAM 
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penenre eae i 
CLRCNT "\ ! ay By u 
om oe ow oe ~ 


INTERNAL 
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INTERNAL eee a a N 
RAMADDR EX rR _ (Ao0R Xa0DR-2) ADDR) soon rasynoon 3/7 


(READ) 


ROF WWU:!«42 oo” 


FIGURE 2: CRT 9212 DOUBLE ROW BUFFER READ TIMING 
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DESCRIPTION OF PIN FUNCTIONS 





PINNO. [NAME SYMBOL _| FUNCTION 
3-0,28, |Datainputs DINO-DIN7 
16-1 <i 
12-9, 7-4 | Data outpuis DOUTO- 
DOUT7 
“a7 Read Clock RCLK 
18 Toggle Signal TOG 












Clear Counter 





TOG is active. 













Read Enable 





Clear Counter clears the current “read” address counter at the next RCLK posi- 
tive edge. CLRCNT is normally asserted low at the beginning of each horizontal 
retrace interval. CLRCNT clears the current “write” address counter when the 


REN enables the loading of data from the selected “read” buffer into the output 
latch. Data is loaded when Read Clock is active. 


DINO-DIN7 are the data inputs from the system memory. 


DOUT0O-DOUT? are the data outputs from the CRT 9212 internal data output 
latch. Valid information will appear on DOUTO-DOUT? two RCLK periods after 
the rising edge of REN. This introduces two pipeline delays when supplying data 
to the character generator. 


RCLK increments the current “read” address register, clocks data through the 
“read” buffer and moves data through the internal pipeline at the trailing edge. 


TOG alternates the function of each buffer between read and write. TOG nor- 
mally occurs at every data row boundary. Switching of the buffers occurs when 























Write Overflow 


22 Read Overflow ROF 


| { 
24, 25 Write Enabie WEN1, 
WEN 2 


26 |OutputEnable | OE 














27 Write Clock WCLK 
“8 Power Supply Voc +5 Volt supply 
23 Ground | GND Ground 
| OSE SeenON SOD 


WOF high indicates that data is being written into the last memory position (posi-_. 
| tion 135). When WOF is high, further writing into the selected “write” buffer is dis- 
abled. WOF may be connected to the WEN1 or WEN2 inputs of a second CRT 
9212 for cascaded operation where data row lengths of greater than 135 charac- 

| ters are desired. See figure 4. 


The Read Overflow output is high when data is being read from the last memory 

i position (position 135). ROF high disables further reading from the selected 

| “read” buffer. ROF may be connected to the REN input of a second CRT 9212 for 
cascaded operation where data row lengths of greater than 135 characters are 
desired. DOUTO-7 will switch into a high impedance state at the second positive 
transition of RCLK after ROF goes high. See figure 4. 


WEN allows input data to be written into the selected “write” buffer during WCLK 
active. Both WEN1 and WEN 2 must be high to enable writing. WEN1 has an 
internal pullup resistor allowing it to assume a high if pin 24 is left open. 

When the OE input is low, the data outputs DOUTO-DOUT7 are enabled. When 
OE is high, DOUTO-DOUT7 present a high impedance state. OE has an internal 
| pulldown resistor allowing it to assume a low if pin 26 is left open. 

WCLK clocks input data into the selected “write” buffer and increments the cur- 
rent “write” address register when WEN1 and WEN2 are high. 





OPERATION 


Figure 1 illustrates the internal architecture of the CRT 
9212. It contains 135 bytes of RAM in each of its two buff- 
ers. In normal operation, data is written into the input latch 
on the positive-going edge of Write Clock (WCLK). When 
both Write Enable (WEN1, WEN 2) signals go high, the next 
WCLK causes data from the input latch to be written into 
the selected buffer (1 or 2) and the associated address 
counter to be incremented by one. Loading of the selected 
RAM buffer continues until WEN goes inactive or until the 
buffer has been fully loaded. At the next data row boundary, 
the Toggle Signal (TOG) will go low. When Clear Counter 
(CLRCNT) goes low, the next Read Clock (RCLK) will begin 
to reset both buffer address counters to zero, switching the 
buffer just loaded from a “write buffer” to a “read buffer’, 
permitting the next row of data to be written into the other 
buffer. Data from the current “read” buffer is read out of the 
buffer and to the output latch whenever Read Enable (REN) 
is high during a Read Clock (RCLK). Each read-out from 




















the buffer RAM causes the “read” address counter to be 
incremented. REN is normally high during the entire visible 
line time of each scan line of the data row. CLRCNT resets 
the present “read” address counter. The negative edge of 
CLRCNT is detected by the CRT 9212 and the internal “read” 
address counter is cleared independent of the CLRCNT 
pulse width. The CLRCNT input may be tied to the REN 
input for proper operation. 

Figures 2 and 3 illustrate the functional timing for reading 
and writing the CRT 9212. It is possible to cascade two or 
more CRT 9212's to allow for data storage greater than 135 
bytes by employing the read overflow (ROF) and write 
overflow (WOF) outputs. Figure 4 illustrates two CRT 9212's 
cascaded together. 

The CRT 9212 is compatible with the CRT 9007 video 
processor and controller (VPAC™) and the CRT 8002 video 
display attributes controller (VDAC™). A typical video 
configuration employing the three parts is illustrated in 
figure 5. 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range. cas %. vias one oietn ata tithe head aah uned ies ab eonen tiaecore eke Aad 0°C to + 70°C 
Storage Temperature Range i.c6552.2 ic cg sb Pease Bue eRe PETAR SPEED LOTS HONE Ee Pea ee baw eee el — 55°C to + 150°C 
Lead Temperature (Soldering, 10S€C.). 0.6... ccc e een nee enn n tebe eben eee e tens een eenaes + 325°C 
Positive Voltage on any Pin, with respect to ground ...... 0... cece cece eee enn e eee eee eeeeaeenes +8.0V 


Negative Voltage on any Pin, with respect to ground .. 1.00... 6. e eee een eee oatiingere EG qe tate eee -0.3V 


*Strnesos ahoua thoea lietad may cares narmanent damaas to tho dovicg, Thi S is A AbrARA entina anhs an 
Mees Puig Why cu mG fun rer iia ia operaucn fori mn is 


device at these or at any other condition above those indicated in ‘the operational sections of this specification is not implied. 


ELECTRICAL CHARACTERISTICS (T,=0°C te 70°C, Voc = + 5V 45%) 





PARAMETER 
DC CHARACTERISTICS 
INPUT VOLTAGE LEVELS 
Low Level V,. 
High Level V4, 
High Level Vii. 
OUTPUT VOLTAGE LEVELS 
Low Level Vo, 
High Level Von 


INPUT LEAKAGE CURRENT 





High Leakage |, 
Low Leakage I,_, 
High Leakage |... 


pA excluding OE 
excluding WEN1 


WEN1 
OE 





Low Leakage |... 


400 
400 pA 
INPUT CAPACITANCE 
Cin, 10 pF 
Cri 15 pF 


excluding RCLK, WCLK 
WCLK 





POWER SUPPLY CURRENT 
loc 100 mA 
AC CHARACTERISTICS: 
Write clock period 
tevr Read clock period 
tox 
tox 
toxn measured from 10% to 90% points 
tone measured from 90% to 10% points 
tos referenced to 
ton referenced to WCLK 
tens2 
tens? 
tenn2 
tov C, = 50 pF; referenced from RCLK 
toorr 
toon 
toes C, = 30pF 
tes 100 ns 
ton 0 | | ns 
twrt Ttow 








1 - Reference points for all AC parameters are 2.4V high and 0.4V low. 

2 - For REN, referenced from RCLK; for WEN1 or WEN2 referenced to WCLK. 

3 - For ROF, referenced from RCLK; for WOF referenced from WCLK. 

4 - Atleast 1 WCLK rising edge must occur between CLRCNT or TOG (whichever occurs last) and WEN (= WEN1-WEN2). 
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COMMENTS 
V 
2.0 : excluding RCLK; WCLK 
4.2 RCLK, WCLK 


PROCESSOR 
uPipC 


DMAR ACK RST +5V¥ GND 


MEMORY ADDRESS BUS 
ROM 


AS 
RAM ge ni ue om arees == < rae 


a eT 





ie 
mor-2gz 04 


HOD PAPO 


ein 





Woe WEN To CURCNT REN 7, R2 R1 RO CURSOR VSYNC RETBL 


ie LD/SH 
CRT gate CRT8002 
DOUBLI VDAC™ voc 
ROW BUFFER 








OIN 7-8 CHARACTERIATTRIBUTES 
GENERATOR 


VIDEO 


FIGURE 5: CRT 9212 CONFIGURED WITH THE CRT 9007 VPAC AND THE CRT 8002 VDAC™ 


SECTION V 


RCLK OR WCLK 


DIN7-0 Yi, abo KIL 


tens tenx 
= 


REN, WEN 1, 2 


tov 
—— HIGH 
|| VALID DATA OUT TDEGANGE 


toorr toon 


WOF, ROF 


CLRCNT OR TOG 
WEN 1, 2 


FIGURE 6: CRT 9212 I/O TIMING 
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1 a 
t 
pO ’ t oo°o 
RCLK : Ante i 
BUFFERS CLEARED ! 
— SWAPPED eon > 








+1 t eae ho 
1 Weed ee 
Eres Serene a eee Sener ee 
CLACNT ! or 4 
! 


1 
1 


INTERNAL - 
/ f , A ADDR / 
WEN : ree 
(-weniwena) fC 
saan anne RR neRnnen oe eeeenmenentsienenentannenetemmneneneeT 


mM CES) EES CI CS CE RE SS 
WHITE DATA {patao X paras M/k Data fora rst SE NLL 


wor ZIM oo 


* in general WCLK and RCLK can be different 


FIGURE 3: CRT 9212 DOUBLE ROW BUFFER WRITE TIMING 





FIGURE 4: CRT 9212 CASCADED CONFIGURATION 
FOR DATA ROW LENGTHS UP TO 270 CHARACTERS 
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STANDARD MICROSYSTEMS 
—__ 






CRT 8021 _ 
CRT 8021-003 


LPC FAMILY 


CRT Video Attributes Controller 
Video Generator ~ 
VAC 


FEATURES 

CL] ON CHIP VIDEO SHIFT REGISTER 
Maximum shift register frequency — 20MHz 
Maximum character clock rate— 2.5MHz 


L] ON CHIP HORIZONTAL AND VERTICAL RETRACE 
VIDEO BLANKING . 


CION CHIP GRAPHICS GENERATION 


LION CHIP ATTRIBUTE LOGIC- CHARACTER, FIELD 
Reverse video 
Character blank 
Character blink 
Underline 
Strike-thru 


oO ON. CHIP BLINKING CURSOR 
(J ON CHIP DATA BUFFER 

CON CHIP ATTRIBUTE BUFFER 
C}+5 VOLT OPERATION 

C) TTL COMPATIBLE 


L] MOS N-CHANNEL SILICON-GATE COPLAMOS® 
PROCESS 


PIN CONFIGURATION 


28 RETBL 
27 CURSOR 
26 MS@ 
25 MSI 

24 BLINK 
23 VSYN 
22 CHABL 
21 REVID 
20 UNDLN 
19 STFKRU 
18 ATTBE 
17 GND 
16 RO 

15 R11 


1 
2 
3 
4 
5 
6 
7 
8 


o 





LC) COMPATIBLE WITH CRT 5027/37 VTAC® AND 
CRT 9007 VPAC 


GENERAL DESCRIPTION 


The SMC CRT 8021 Video Attributes Controller (VAC) 
is an n-channel COPLAMOS® MOS/LSI! device. It con- 
tains wide and thin graphics logic, attributes logic, a 
data latch, field and character attribute latch, a blinking 
cursor, and a high speed video shift register. The CRT 
8021 VAC is a companion to SMC’s CRT 5027/37 VTAC® 
or CRT 9007 VPAC. The CRT 8021 and a character ROM 
combined with either a CRT 5027/37 or a CRT 9007 com- 
prises the major circuitry required for the display portion 
of a CRT video terminal. 


The CRT 8021 video output may be connected directly 
to a CRT monitor video input. The CRT 5027/37 or 
CRT 9007 bianking output can be connected directly to 
the CRT 8021 retrace blank input to provide both horizon- 
tal and vertical retrace blanking of the video output. 


A blinking cursor is available on the CRT 8021. There is a 
separate cursor blink rate which is twice the character 
blink rate and has a duty cycle of 50/50. 


The CRT 8021 attributes include: reverse video, character 
blank, blink, underline, and strike-thru. The character 
blink rate has a duty cycle of 75/25. The underline and 
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strike-thru are similar but independently controlled 
functions. These attributes are available in all modes. 


 .. The thin graphic mode enables the user to create single 


line drawings and forms. 


In the wide graphic mode the CRT 8021 produces a 
graphic entity the size of the character block. The graphic 
entity contains 8 parts, each of which is associated with 
one bit of a graphic byte, thereby providing 256 unique 
graphic symbols. Thus, the CRT 8021 can produce either 
alphanumeric symbols or various graphic entities 
depending on the mode selected. The mode can be 
changed on a per character basis. 


The CRT 8021 is available in two versions. The CRT 8021 
provides an eight-part graphic entity which fills the 
character block. The CRT 8021 is designed for seven dot 
wide, nine or eleven dot high characters in nine by twelve 
or ten by twelve character blocks. 


The CRT 8021-003 provides a six part graphic entity for 
five by seven or five by nine characters incharacter blocks 
of up to seven by ten dots. 


=> 
= 
jo) 
e 
[a] 
Les) 
wm 











ROW ADDRESS 
R9-R3 






BLOCK DIAGRAM 










Live 


DECODER 


weer 


| STRIKE-THRU l 
eririent 


GRAPHIC 
LOGIC 






UNDERLINE 
SELECT 





ADDRESS/DATA Ag 
INPUTS 8, 


ADDRESS/ 
DATA 


CURSOR PATO 


RETRACE BLANK 


ATTRIBUTE ENABLE 


MODE SELECT 6 
MODE SELECT 1 


REVERSE VIDEO 


CHARACTER BLANK 
RIBUT 
UNDERLINE a 7 ATTRIBUTE 
LOGIC 


BLINK ——— 


STRIKE THRU 


AT 


bay a SHIFT 
VIDEO DOT CL REGISTER 
LOAD/SHIFT =a SR 8 BIT 


Verne 


ALL INPUTS __ 
(except VDC, LD/SH) 


VIDEO 
OUTPUT 


FIGURE 1 
AC TIMING DIAGRAM 
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MAXIMUM GUARANTEED RATINGS* 


© PErating \OMperalure HanGe x t.s ade ow ca ata g ca eae atm ie aden eee cre aha eek ba iy cy, 0°C to+ 70°C 
Storage Temperature Range ............ cece ccc cee ees nia Wis se wa banat en eee 42. —55°C to +150°C 
Peaa iemperature (Soldering, 10S6C) a¢occ wes casiep ad Kaahe eRe hee sotel ¢ tue Nae ad eet +325°C 
Positive Voltage on any Pin, with respect to ground ........... ccc ccc eee c cece cece cece eeeeutneneaas +8.0V 
Negative Voltage on any Pin, with respect to ground ........... cece cece cece cece eee e eee ecaceeeeeees —0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other condition above those indicated in the 
operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or “glitches” on their outputs when the AC power is switched on and off. 


_ _._-Ip-addition; voltage transients on the AG power tine may appear onthe DC output. if this possibility ~~ ~~~ 
exists it is suggested that a clamp circuit be used. 





ELECTRICAL CHARACTERISTICS (Ta =0°C to 70°C, Vcc = +5V +5%, unless otherwise noted) 


Parameter | Min. | Typ. | Max. | Unit | Comments 


D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 





Low-level, Vit 0.8 V excluding VDC. 
High-level, Vin 2.0 ; V excluding VDC 
INPUT VOLTAGE LEVELS-CLOCK 
Low-level, Vit 0.8 V 
High-level, Vin 43 V See Figure 7 zh 
OUTPUT VOLTAGE LEVELS z 
Low-level, Vor 0.4 V lo. = 0.4 mA, 74LSXX load 5 
High-level, Vou 2.4 V lon = —20 pA o 
INPUT CURRENT 
Leakage, I. (Except CLOCK) 10 LA OSVin=Vec 
Leakage, I, (CLOCK Only) 50 LA OSVin<Vec 
INPUT CAPACITANCE 
Data__ 10 pF @ 1 MHz 
LD/SH . 20 | pF @ 1 MHz 
CLOCK 25 pF @ 1 MHz 
POWER SUPPLY CURRENT 
loc 100 mA 


A.C. CHARACTERISTICS 
See Figure 6, 7 


| . CRT 8021 
SYMBOL PARAMETER 
VDC Video Dot Clock Frequency A 
PW VDC —High Time 
PW. VDC —Low Time 

















LD/SH cycle time 





LD/SH hold time 





tset-up Input set-up time 
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DESCRIPTION OF PIN FUNCTIONS 


iNPUT/ 
SYMBOL NAME OUTPUT FUNCTION 
1 0 


The video output contains the dot stream for the selected row of the wide graphic, thin 
graphic, or external character after processing by the attribute logic, and the retrace 
blank and cursor inputs. 


The timina of the Load/Shift pulse will determine the number of additional (— —. 


Video Output 


Zero to N) backfill zeros (or ones if in REVID) shifted out. See figure 4. 


When the next Load/Shift pulse appears the next character via the attribute logic, is 
parallel loaded into the shift register and the cycle repeats. 


Load/Shift The 8 bit shift-register parallel-in load or serial-out shift modes are established by 

the Load/Shift input. When low, this input enables the shift register for serial 

shifting with each Video Dot Clock pulse. When high, the shift register parallel 

(broadside) data inputs are enabled and synchronous loading occurs on the next 

| Video Dot Clock pulse. During parallel loading, seria! data flow is inhibited. The 

Address/Data inputs (AQ-A7) are latched on the negative transition of the 
Load/Shift input. See timing diagram, figure 1. 


Frequency at which video is shifted. 


In the External Mode, A@-A7 is used to insert an 8 bit word from a user defined 
external ROM, PROM or RAM into the on-chip Attribute logic. In the wide Graphic 
Mode AG@-A7 is used to define one of 256 graphic entities. In the thin Graphic 

_ Mode A@-A2 is used to define the 3 line segments. 





3 Video Dot Clock 


| 
4-11 Address/Data - 
12 | Ps | 
Po 







; 


Power Supply 
13, 14, 15, 16 |R2,R3,R1,R@! Row Address 
7___| GND 


A positive level on this input enables data from the Reverse Video, Character Blank, 
Underline, Strike-Thru, Blink, Mode Select 2, and Mode Select 1 inputs to be strobed 
into the on-chip attribute latch at the negative transition of the Load/Shift pulse. 
The latch loading is disabled when this input is low. The latched attributes will remain 
fixed until this input becomes high again. To facilitate attribute latching on a character 
by character basis, tie ATTBE high. See timing diagram, figure 1. 


When this input is high and RETBL = 0, the parallel inputs to the shift register are 
| forced high (SR@-SR7), providing a solid line segment throughout the character 
block. The operation of strike-thru is modified by Reverse Video (see table 1). The 


strike-thru is a double line on rows R5 and R6 for the CRT 8021 and a single line on 
row Ré4 for the CRT 8021-003. 
- wi 
| _ ae 





+5 volt power supply. 


These 4 binary inputs define the row address in the current character block. 


















When this input is high and RETBL = 0, the parallel inputs to the shift register are 
forced high (SRO-SR7), providing a solid line segment throughout the character 
block. The operation of underline is modified by Reverse Video (see table 1). The 
underline is a single line of R11 for the CRT 8021 and a single line on R8 for the 
CRT 8021-003. 


When this input is low and RETBL = 0, data into the Attribute Logic is presented 
directly to the shift register parallel inputs. When reverse video is high data into the 
Attribute Logic is inverted and then presented to the shift register parallel inputs. 
This operation reverses the data and field video. See table 1. 














22 CHABL Character Blank When this input is high, the parallel inputs to the shift register are all set low, provid- 
ing a blank character line segment. Character blank will override blink. The operation 
of Character Blank is modified by the Reverse Video input. See table 1. 

23 V SYNC V SYNC This input is used as the clock input for the two on-chip blink rate dividers. 
The cursor blink rate (50/50 duty cycle) will be twice the character blink rate 
(75/25 duty cycle). 

24 BLINK Blink l When this input is high and RETBL = 0 and CHABL = 0, the character will blink at 
the character blink rate. Blinking is accomplished by blanking the character 
block with the internal Character Blink clock. The character blink rate is 1.875 Hz 
when V SYNC = 60 Hz. 

25 MS1 Mode Select 1 I These 2 inputs define the three modes of operation of the CRT 8002 as follows: 

26 MS@ Mode Select @ | Thin Graphics Mode— In this mode A®@-A2, (A3-A7 = X) will be loaded into the thin 


graphic logic along with the row addresses. This logic will define the segments 


MS1 | mso | = MODE | of a graphic entity as defined in figure 6. 
j 


eet eee, Character Mode — In this mode the inputs A@-A7 go directly from the character latch 
Thin Graphics into the shift register via the attribute logic. Thus the user may define external charac- 
Character Mode ter fonts or graphic entities in an external PROM, ROM or RAM. See figure 3. 

Wide Graphics 


Wide Graphics Mode — In this mode the inputs AQ-A7 will define a graphic entity as 
described in figure 5. Each line of the graphic entity is determined by the wide graphic 
logic in conjunction with the row inputs R@ to R3. In this mode each segment of the 
entity is defined by one of the bits of the 8 bit word. Therefore, the 8 bitscandefine any 
1 of the 256 possible graphic entities. These entities can butt up against each other to 
form acontiguous pattern or can be interspaced with alphanumeric characters. Each 
of the entities occupies the space of 1 character block and thus requires 1 
byte of memory. 


These 3 modes can be intermixed on a per character basis. 


When this input is enabled the cursor will be activated. The cursor will be a blinking (at 
3.75 Hz when V SYNC = 60 Hz) reverse video block. In this mode the Character Block is 
set to reverse video at the cursor blink rate. The Character Block will alternate between 
normal video and reverse video. 
When this input is latched high, the shift register parallel inputs are unconditionally 
cleared io all zeros and loaded into ihe shift register on the next Load/Shift pulse. This 
blanks the video, independent of all attributes, during horizontal and vertical retracetime. 
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FUNCTION 


“0” (S.R.) All 
D (S.R.) All 
“1” (S.R.)* 
R.) All others 
R.) All 
R.) All 
R.)* 
R.) 
R.) 





All others 
All 


oO ooo oon 


(S. 
_ S. 
(S. 
(S. 
(S. 
(S. 















~ Blink** REVID Block 
Blink** REVID Block 
Blink** REVID Block 
Blink** REVID Block 
Blink** REVID Block 


*AtSelected Row Decode ‘**AtCursor Blink Rate 
Note: tf Character is Blinking at Character Rate, Cursor will change it to Cursor Blink Rate 


Alternate Normai Video/ REVID 
At Cursor Blink Rate 


oo00000 


FIGURE 2 
TYPICAL CHARACTER MODE BLOCK FORMATS 


CRT 8021 ROWS|R3 R2 R1 RG CRT 8021-003 
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e000 
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Q COCO OOOO OOOO COODd 


Q 
Q 
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Q 
ot 


EXTENDED ZEROS (BACK 

FILL) FOR INTERCHARACTER 

SPACING (NUMBER 

CONTROLLED BY LD/SH, 
COLUMN 7 IS SHIFTED OUT FIRST VDC TIMING) 


Note: Dotted line shows typical character display area. 


FIGURE 3 
CHARACTER MODE 
MS@ = 1 MS1= 


C7 C6é CS C4 C3 C2 C1 CO BF BF 


wre [a] [oe] [os] a] |] o]~]- 


BF = back fill 
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FIGURE 4. TYPICAL VIDEO OUTPUT— CHARACTER MODE 
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FIGURE 5 


WIDE GRAPHICS MODE 
MS@= 6 MS1=4@ 


5 BITS** NBITS** 


ROW ADDRESS 
0000 


3 LINES* CRT 8021 CRT 8021-003 


3 LINES 
C7 C6 C5 C4 C3 C2 C1 Cg 


NI 


VK. NWN 


Note: R11-R15 are 
always filled with ones. 


3 LINES 


3 LINES 


“ON GHIP ROM PROGRAMMABLE TO 2, 3, OR 4 LINE MULTIPLES 
**CAN BE PROGRAMMED FROM 1 TO 7 BITS 
***LENGTH DETERMINED BY LD/SH, VDC TIMING 


EXAMPLE: 10010110 


| GZ 


% BF = back fill 





FIGURE 6 
THIN GRAPHICS MODE 
MS@ = 6 MS1=1 


CRT 8021 CRT 8021-003 


C7 C6 C5 C4 C3 C2 C1 CP BF BF... G7 C6 CS C4 C3 C2 CI CM BF 





N BITS — 
ROW 0000 


RG 
R? 
Ra 
R9 


—, PROGRAMMABLE 
ROW 


ee ee ee ee a ee 





Beane onr i oe 


NOTE: When Ai ="1"" the underline 
row/rows are deleted. 
X= DON’T CARE When At = “Oo”, the underline, 
* THE INSIDE SEGMENT 1S MASK PROGRAMMABLE Ure en aPeee 
TO ROW 0000 BF = back fill 


** LENGTH DETERMINED BY LO/SH. VDC TIMING 
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FIGURE 7 


VDC (to chip) 





LD/SH (to chip) 


FIGURE 8 
TYPICAL CRT 8021 CONFIGURATION 
FOR COMBINED CHARACTER AND GRAPHICS MODES 
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RETRACE 
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CRT 8021 
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ATTRIBUTES (RV, CB, CBLANK, ATTEN, STKTU, MS1) 


VIDEO DOT CLOCK 


*LATCH MAY OR MAY NOT BE REQUIRED DEPENDING ON SYSTEM TIMING. CHARACTER CLOCK 
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Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-~ 
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FIGURE 9. CRT 8021 TYPICAL uP CONFIGURATION (CHARACTER MODE ONLY) 
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CRT 9021A 
CRT 9021B 


[LPC FAMILY 


CRT Video Attributes Controller 


FEATURES 


C On chip video shift register 
Maximum shift register frequency 
CRT 9021A 30 MHz 
CRT 9021B 28.5 MHz 


LC] On chip attributes logic 
Reverse video 
Character blank 
Character blink 
Underline 
Full/half intensity 


C] Four modes of operation 
Wide graphics 
Thin graphics 
Character mode without underline 
Character mode with underline 


C1] On Chip logic for double height/double 
width characters - 


L] Accepts scan line information in paratlel 
or serial format 


_] Four cursor modes dynamically selectable via 2 
input pins | 
_ Underline - 
Blinking underline 
Reverse video 
Blinking reverse video 


L] Programmable character blink rate 


NAC 





rf} 21 VSYNC 


r]19 SLO/SLD 
18 SLI/SLG 
17 SL2/BLC 
116 SL3/BKC 


INTOUT 10 
CURSOR 11 


LD/SH 130 
VIDEO 140 


PACKAGE 28-pin D.L.P. 





(] Programmable cursor blink rate 
CZ On chip data and attribute latches 
1 +5 volt operation . 


*. [J] TTL compatible 


C1 MOS n-Channel silicon gate COPLAMOS® process 
1) Compatible with CRT 5037 VTAC®; CRT 9007 VPAC 


GENERAL DESCRIPTION 


The SMC CRT 9021 Video Attributes Controller 
(VAC) is an n-channel COPLAMOS MOS/LSI device 
containing Graphics logic, attributes logic, data and 
attributes latches, cursor control, and a high speed 
video shift register. The CRT 9021, a character gen- 
erator ROM.and a CRT controller such as the CRT 
9007 provide all of the major circuitry for the display 
portion of a CRT video terminal. 

The CRT 9021 serial video output may be con- 
nected directly to a CRT monitor’s video input. The 
maximum video shift register frequency of 28.5 MHz 
or 30 MHz allows for CRT displays of up to 132 char- 
acters per data row. . 

The CRT 9021 attributes include: reverse video, 
underline, character blank, character blink, and full/ 
half intensity selection. In addition, when used in con- 
junction with the CRT 9007 VPAC.” the CRT 9021 will 
provide double height or double width characters. 

Four programmable cursor modes are provided on 
the CRT 9021. They are: underline, blinking under- 


line, reverse video character block, and blinking 
reverse video character block. When used in the serial 
scan line input mode, the cursor mode may be selected 
via two input pins. When used in the parallel scan line 
input mode, the cursor mode is a mask program option 
and is fixed at the time of manufacture. 

Two graphics modes are provided. In the wide 

graphics mode, the CRT 9021 produces a graphic 
entity the size of the character block. The graphic entity 
contains eight parts, each of which is associated with 
one bit of the input byte, thereby providing 256 unique 
graphic symbols. The thin graphics mode enables the 
user to create thin line drawings and forms. 

In both graphics modes, continuous horizontal and 
vertical lines may be drawn. Additional flexibility is 
provided by allowing the mask programming of the 
placement and dimensions of the blocks or lines within 
a character block. In the thin graphics mode, mask 
programming allows serrated horizontal or vertical 

__ lines. 
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8 BIT SHIFT REGISTER 
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FIGURE 1: CRT 9021 BLOCK DIAGRAM 





DESCRIPTION OF PIN FUNCTIONS 
SYMBOL 




















Mode Select 0 MSO 
Mode Select 1 MS1 


Reverse Video REVID 


Character blank 


Blink 








BLINK 





Intensity In INTIN 



























FUNCTION 


In the character mode, the data on these inputs is passed through the Attributes 
logic into the 8 bit high speed video shift register. The binary information on D7 
will be the first bit output after the LD/SH input goes low. 

; In the thin or wide graphics mode these 8 inputs will individually control the on/off | 
| condition of the particular portion of the character block or line drawing. Figures 2 
and 3 illustrate the wide and thin graphics modes respectively and their 
relationships to D7-DO 


| These 2 inputs define the four modes of operation of the CRT 9021 as follows: 
MS1, MSO = 00; Wide graphics mode 
= 10; Thin graphics mode 
01; Character mode without underline 
11; Character mode with underline 


See section entitled Display Modes for details. 


When this input and Retrace Blank (RETBL) are both low, data from the 
Attributes and Graphics logic is presented directly to the video shift register. 
When this input is high and RETBL is low, the Attribute and Graphics logic will 
invert the data before presenting it to the video shift register. 

When this input is high, the parallel inputs to the video shift register are all set low 
(or high depending on the state of REVID) thus providing a constant video level 
for the entire length of the character block. 


When this input is high and both the RETBL and CHABL inputs are low, the char- 
acter will blink at the programmed character blink rate. Blinking is accomplished 
by causing the video to go to the background level during the “off” portion of the 
Character Blink cycle. This video level may be either the white or black level 
depending on state of REVID. The duty cycle for the character blink is 75/25 (on/ 
off). This input is ignored if it coincides with the CURSOR input and the cursor is 
formatted to blink. 


The INTIN input along with the INTOUT output provides a user controlled general 
purpose attribute. Data input to INTIN will appear at INTOUT with the same delay 
as that from any other attribute input to the serial video output (VIDEO). By using 
an externai mixing circuit, it is possibie to raise or iower the voltage ievei of the 
video output to produce such attributes as “half intensity” or “intensity”. 
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DESCRIPTION OF PIN FUNCTIONS CONT’D 


| PINNO. [NAME SYMBOL | FUNCTION 


Supply Voltage +5V +5 volt power supply 


Attribute ATTEN 
Enable 




















When this input is high, the internal attribute latch is updated at the positive going 
edge of the LD/SH input with data appearing on the REVID, CHABL, MS1, MSO, 
BLINK and INTIN inputs. By selectively bringing this input high, the user will 
update the attribute only at specific character times; all subsequent characters 
will carry with them the attributes last updated thus allowing “field” or “embed- 
ded” attributes. When using a wide video memory where attribute bits are 
attached to every character, the internal attribute latch may be updated at each 
character by tieing this input high (thus allowing for “invisible” attributes). 


This output is used in conjunction with the INTIN input to provide a three charac- 









“implemented: See INTIN (pin 7). 


When this input is high and RETBL is low, the programmed cursor format will be 
displayed. When this input is high, and RETBL is high, the CRT 9021 enters the 


11 Cursor CURSOR 
. double width mode. See section entitled cursor formats for details. 


12 Reirace Blank RETBL When this input is high, the parallel inputs to the video shift register are uncondi- 
, tionally cleared to all zeros and loaded on the next LD/SH pulse. This forces the 
‘VIDEO output to a low voltage level, independent of all attributes, for blanking the 
CRT during horizontal and vertical retrace time. 


13 Load/Shift The 8 bit video shift register parallel-in load or serial-out shift operation is estab- 
lished by the state of this input. When high, this input enables the shift register for 
serial shifting with each video dot clock pulse (VDC input). When low, the video 
shift register is parallel loaded on the next video dot clock pulse and all data and 
atiributes are moved to.the next position in the internal pipeline. In addition, input 
data and aitributes are latched on the positive transition of LD/SH. 


14 Video VIDEO The Video output provides the serial dot stream to the CRT. Video is shifted out 
on the rising edge of the video dot clock VDC. The timing of the LD/SH input will 
determine the number of backfill dots. See figure 5. 


15 Video Dot VDC This input clock controls the rate at which video is shifted out on the 
Clock VIDEO output. 


16 Scan line SL3/BKC - | This input has two separate functions depending on the way scan line informa- 
3/Block Cursor tion is presented to the CRT 9021. 

Parallel scan line mode—This input is the most significant bit of the binary scan 
line row address. 

Serial scan line mode—This input controls the cursor’s physical dimensions. If 
high the cursor will appear as a reverse video block (the entire character cell will 
be displayed in reverse video). If low, the cursor will appear as an underline on 
the scan line(s) programmed. 


This input has two separate functions depending on the way scan line informa- 
tion is presented to the CRT 9021. 

Parallel scan line mode—This input is the second most significant bit of the 
binary scan line row address. 

Serial scan line mode—This input if low, will cause the cursor to alternate 
between normal and reverse video at the programmed cursor blink rate. The duty 
cycle for the cursor blink is 50/50 (on/off). If this input is high, the cursor will be 
non-blinking. 
This input has two separate functions depending on the way scan line informa- 
tion is presented to the CRT 9021. ; 

Parallel scan line mode—This input is the next to the least significant bit of the 
binary scan line row address. a 

Serial scan line mode—This input will be low for 5 or 6 LD/SH pulses to allow the 
scan line information to be serially shifted into the serial scan line shift register. If 
this signal is low for 7 or more LD/SH pulses, the CRT 9021 will assume the par- 
allel input scan line row address mode. 


| Scan line . | SLO/SLD This input has two separate functions depending on the way scan line informa- 
O/ScanLine — tion is presented to the CRT 9021. Refer to figure 6. 

data Parallel scan line mode—This input is the least significant bit of the binary scan 
line row address. 

Serial scan line mode—This input will present the scan line information in serial 
form (least significant bit first) to the CRT 9021 and permits the proper scan line 
information to enter the serial scan line shift register during the LD/SH pulses 
framed by SLG (pin 18). 


20 Ground GND Ground 


Vertical Sync This input is typically connected to the vertical sync output of the CRT controller 
and is used as the clock input for the two on-chip mask programmable blink rate 
dividers. The cursor blink rate (50/50 duty cycle) will always be twice the charac- 
ter blank rate (75/25 duty cycle). In addition, the internal attributes are reset when 
this input is low. The VSYNC input is also used to determine the scan line mode 
(parallel or serial) used. See the section “Scan Line Input Modes”. 
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Retrace Blank 


ATTRIBUTES FUNCTION 


—The RETBL input causes the VIDEO 
to go to the zero (black) level regard- 
less of the state of all other inputs. 


grammed to blink (not controlled by 
the BLINK input), the video alter- 
nates from normal to reverse video at 













Reverse Video —TheREVIDinputcauses inverted data 50% duty cycle. The cursor blink rate 
to be Inaded intn the video shift Shuave Quonides the chatacters blink 
register. rate when they both appear at the 

Character Blank —The CHABL input forces the video to same character position. 
go tothe current backgroundlevelas Intensity —The INTIN input and the INTOUT - 
defined by Reverse Video. (Half Intensity) output allow an intensity (or half 

Underline —MS1, MSO = 1, 1 forces the video to intensity) attribute to be carried 
go to the inverse of the background through the pipeline of the CRT 9021. 
level for the scan line(s) pro- An external mixer can be used to 
grammed for underline. combine VIDEO and INTOUT to cre- 

Blink —The BLINK input will cause charac- ate the desired video level. See fig- 
ters to blink by forcing the video to the ure 8. 
background level 25% of the time and Table 1 illustrates the effect of the REVID, CHABL, UNDLN 
allowing the normal video for 75% of attributes as a function of the cursor format and the CUR- 
the time. When the cursor is pro- SOR and RETBL inputs. 

TABLE 1: CRT 9021 ATTRIBUTE COMBINATIONS 
CURSOR CRT 9021 INPUTS 
FORMAT RETBL | CURSOR| REVID UNDLN Me OADED wie 
Poa of x xT x x falizero’s 
0 Oe ete ES Oa ee ee 
0 0 0 0 1 One’s for selected scan line(s); Data for all 
: | : |_other scan lines. 
x 0 0 o | 1 | x | Allzero’s 
0 0 Pe We Ore Ors fMRI eee cee ee ae ee a 
0 0 4 Zero’s for selected scan line(s); data for all 
other scan lines. 
po Jf o | + ft 4 |) xX [oOne’storaiiscaniines 
x One's for selected scan line(s) for cursor; 
data for all other scan lines. 
x One's for selected scan line(s) for cursor; 
2 zero’s for all other scan lines. 
Data for all other scan lines. 
x! Zero’s for selected scan line(s) for cursor; 
one’s for all other scan lines. 
0 1 0 0 ” One's for selected scan line(s) blinking; 
Data for all other scan lines. 
0 1 o |. (1 x One's for selected scan line(s) blinking; 
BLINKING? zero’s for all other scan lines. 
UNDERLINE?” 0 1 i 1 0 | ™ Zero’s for selected scan Jine(s) blinking; 








REVID BLOCK 


BLINKING? 
REVID BLOCK 
























1 0 











Zero’s for selected 
scan line(s) for 

underline; Data for 
all other scan lines. 


0 [| 4 [|X | One's for all scan lines. | Zero’s for all scanlines. 
poo a 0 Data for all scan tines. 
0 1 


1 1 One’s for selected 
scan line(s); Data 
for all other scan lines. 
ro | 1 1 | = 4 [xX __| Zero’s for all scanlines. | One's for all scan lines. 








! | Data for all other scan lines. 

x! Zero’s for selected scan line(s) blinking; 
one’s for all other scan lines. : 
Data for all scan lines. 

1 Zero’s for selected scan line(s) for 
underline; data for all other scan lines. 
One’s for all scan lines. 


|0 __| Data for all scan lines 


1 One’s for selected’ scan line(s) for 
underline; data for all other scan lines. 


Zero’s for all scan lines. 
On Off 
Data for all scan lines. | Data for all scan lines. 

One's for selected 

scan line(s) for 

underline; Data for 

all other scan lines. 















































Data for all scan lines. 


Zero’s for selected 
scan line(s); Data 








for all other scan lines. 






1 - if the programmed scan line(s) for cursor and underline coincide, the cursor takes precedence; otherwise both are displayed. 
2 - at programmed scan line(s) for underline 
3 - at cursor blink rate 


Note—cursor biink rate overndes character blink rate. 
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DISPLAY MODES 


Inputs MS1 and MS6@ select one of four display modes. All 
aitributes except underline operate independent of the 
display mode used. Figures 8a and 8b illustrate a typical 
CRT 9021 configuration which operates in all display modes 
for both the parailel and serial scan line modes respectively. 
MS1,MSO = 00  —Wide Graphics Mode. 
In this display mode, inputs D7-DO 
define a graphics entity as illustrated 
in figure 2. Note that individual bits in 
D7-DO will illuminate particular 
_ Portions of the character block. Table 


MS1, MSO = 01 


the character block. Table 3 shows 
all programming ranges possible 
when defining the thin graphics 
boundaries. No underline is possi- 
ble in this display mode. 


—Character Mode Without Underline. 


In this display mode, inputs D7-D0 go 


. directly from the input latch to. the 


video shift register via the Attributes 
and Graphics logic. This mode 


requires either a bitmapped system... 





possible when defining the wide 
graphic boundaries. No underline is 
possible in this display mode. 


MS1,MSO = 10 —Thin Graphics Mode. 


In this display mode, inputs D7-D0 MS1,MSO = 11 


define a graphic entity as illustrated 
in figure 3. Note that individual bits in 
D7-D0 will illuminate particular hori- 
zontal or vertical line segments within 
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C7 C6 C5 C4 C3 C2 C1 CO BF BFooo 


_ FIGURE 2: WIDE GRAPHICS MODE FOR STANDARD CRT 9021 


D7|D6|D5|D4)03|D2[01)o9] 


* These values are fixed 


FIGURE 3: THIN GRAPHICS MODE FOR STANDARD CRT 9021 


D7|D6|p5[D4|o3|D2|01/po] DATA INPUT ON D7-D0 


H3, H2, H1, HO, W1, WO are mask programmable 


RAM (1 bit in RAM equals 1 pixal on 
the CRT) or an external character 
generator as shown in figures 8a and 
8b. 


—Character Mode With Underline. 


Same operation as MS1, MS@ = 01 
with the underline attribute appear- 
ing on the scan line(s) mask pro- 
grammed. 











VERTICAL HEIGHT HORIZONTAL POSITION 


PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 


. HORIZONTAL LENGTH VERTICAL POSITION 


PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 


DATA INPUT ON D7-D0 
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BACKFILL 


Backfill is a mechanism that allows a character width of 


greater than 8 dots and provides dot information (usually 
_ blanks) for all dot positions beyond 8. The character width | 


is defined by the period of the LD/SH input. For the character 
modes, backfill is added to the tail end of the character by 
two methods which are mask programmable. 

== The'hacktill (RE\ date will’ he the same 


as the dot displayed in position C7. 


Method B — The backfill (BF) dots will be the same 


as the dot displayed in position Co. 


For the wide graphics mode, the backfill dots will always be 


tha eama ace tha dat dAianlauad in nasitinn CN imathant D\ 
Sh ewe weet Re Re rk balteeed pha Medial ity Myvi Ad qibbeead IN iad J 


with no programmable option. 





CURSOR FORMATS 


Four cursor formats are possible with the CRT 9021. If the 

parallel scan line input mode is used, one of four cursor for- 

mats may be selected as a mask programmed option. If the 
serial scan line input mode is used, the cursor format is 
selected via input pins 16 and 17 (SL3/BKC, SL2/BLC). See 

Table 5. The four cursor modes are as follows: 

Underline — The cursor will appear as an 
underline. The position and width 
of the cursor underline is mask 
programmed. 

— The cursor will appear as an 
underline. The underline will alter- 
nate between normal and reverse 
video at the mask programmed 
cursor blink rate. 

— The cursor will appear as a reverse 
video block (The entire character 


Blinking Underline 


Reverse Video 
Block 


cell will be displayed in reverse 
video). 

— The cursor will appear as a reverse 
video block and the entire block 
(character plus background) will 
alternate between normal and 
reverse video at the masked pro- 
grammed cursor blink rate. 


Scan Line 
Input Mode Pin 17 Pin 16 Cursor Function 
Video Block 


1 Underline 
Reverse Video Block 
Serial 
Parallel X X Mask programmable 
Only 


Blinking Underline 
TABLE 5: CURSOR FORMATS 


Blinking Reverse 
Video Block 










-"~OoO-O 






oo 


Blinking Reverse 












DOUBLE WIDTH MODE 


In order to display double width characters, video must be 
shifted out at half frequency and the video shift register must 
receive new information (parallel load) every other LD/SH 
input pulse. In order to divide the video dot clock (VDC) and 
the LD/SH pulse internally at the proper time, the cursor input 
should be pulsed during RETBL prior to the scan line to be 
displayed as double width. The CURSOR input must remain 
low for a minimum of 1 LD/SH period from the leading edge 
of RETBL. The CURSOR input can stay high for the entire 
RETBL time but should not extend into active video. If it does, 
acursor will be displayed. It is assumed that the CRT con- 


troller knows when a particular scan line should be double 
width and it should activate the CURSOR in the manner just 
described. Double height/double width characters can also 
be displayed if the scan line count is incremented by the 
CRT controller every other scan line. With respect to the 
CRT 9021, no distinction between double width and double 
height display is necessary. Figure 4 illustrated timing for 
both single and double width modes. The CRT 9007, which 
supports double height double width characters, will pro- 
duce the CURSOR signal as required by the CRT 9021 with 
no additional hardware. 





SCAN LINE INPUT MODES 


Scan line information can be introduced into the CRT 9021 
in parallel format or serial format. Table 6 illustrates the pin 
definition as a function of the scan line input mode. The CRT 
9021 will automatically recognize the proper scan line mode 
by observing the activity on pin 18. In parallel mode, this 
input will be stable for atleast 1 scan line and in serial mode 
this input will remain low for about 5 or 6 LD/SH periods. If 
pin 18-goes active low for less than seven but more than 
two continuous LD/SH periods during the last scan line that 
has an active low on the VSYNC input, the serial mode will 
be locked in for the next field. The parallel scan line input 





mode will be selected for the next field if the following two 
conditions occur during VSYNC low time. First, at least one 
positive transition must occur on pin 18 and second, pin 18 
must be low for seven or more LD/SH periods. Refer to fig- 


ure 7 for timing details. 
CRT 9021 Pin Number 


Scan Line 
Input Mode 

















19 18 17 16 
SLD SLG__BLC__BKC 
Parallel SLO SL1 SL2 SL3 





TABLE 6: PIN DEFINITION FOR PARALLEL AND SERIAL SCAN LINE MODES 





PROGRAM OPTIONS 


The CRT 9021 has a variety of mask programmed options. 
Tables 2 and 3 illustrate the range of these options for the 
wide and thin graphics modes respectively. Table 4 illus- 


trates the range of the miscellaneous mask programmed 
options. In addition, Tables 2, 3 and 4 show the mask pro- 
grammed options for the standard CRT 9021. 
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FIGURE 4: CRT 9021 FUNCTIONAL I/O TIMING 





SECTION V 


MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range .......... 5... eee te ened teen nee nee eet eeennteees 0°C to + 70°C 
Storage Temperature Range ...........--- 0. cee cece ne ree ett nee e beeen eeeeneenes — 55°C to + 150°C 
Lead Temperature (soldering, 10 sec.) . 0.0.0... 0. eee eee ene teen eden ener eee eeeeaeaeeeeees + 325°C 
Positive Voltage on any Pin, with respect to ground... 1.0.0... e eee e een eebeneeeneeennees .15V 
Negative Voltage on any Pin, with respect to ground 2.2... cece eee ete nent ene eenannees -—0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not 
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power 
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. If this possibility exists it is 
suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (T, =0°C to 70°C, V.. = +5V+5%, unless otherwise noted) 


PARAMETER | min | Typ | MAX | UNIT COMMENTS 
DC CHARACTERISTICS 
INPUT VOLTAGE LEVELS 
Low Level V,, 0.8 V __ 
High Level V,., 2.0 Vv All inputs except VDC, LD/SH 
- High Level V,,. 43 Vv For VDC, LD/SH input 
OUTPUT VOLTAGE LEVELS 
Low Level Vo, 0.4 V lg: = 0.4 mA 
High Level Va, V lon = 100A 
INPUT LEAKAGE CURRENT _ 
Leakage I,, 10 pA 0<Vy<Vec; excluding VDC, LD/SH 
Leakage |,, 50 pA 0<V,4<Voc; for VDC LD/SH 





INPUT CAPACITANCE = 
Cw 10 pf Excluding VDC, LD/SH 
Cio 20 pf For LD/SH 
Cus 25 of For VDC 


POWER SUPPLY CURRENT 
lec mA 














AC CHARACTERISTICS 
PARAMETER | MIN | TYP MAX UNIT COMMENTS 
VDC" 
1/tey, VDC frequency 1.0 30.0 | MHZ | CRT 9021A; see note 1 
| 28.5 | MHZ | CRT 9021B 
Tow VDC low 
texan VDC high ns 
tex, VDC rise time ns Measured from 10% to 90% points 
texe WDC fall time Measured from 90% to 10% points 





LD/SH 
CRT 9021A; see note 1 
CRT 9021B 


MISCELLANEOUS TIMING 
teo 


tow 
1-These parameters are Preliminary. 


C, = 15pf 
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FIGURE 5: CRT 9021 INPUT/OUTPUT TIMING 
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FIGURE 6: SERIAL SCAN LINE MODE TIMING 
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FIGURE 7: SERIAL/PARALLEL SCAN LINE MODE SELECTION TIMING 
335 





=> 
4 
= 
= 
i) 
lu 
” 





TABLE 2 
WIDE GRAPHICS MASK PROGRAMMING OPTIONS 


OPTION CHOICES STANDARD CRT 9021 



































Height of graphic block* 
D7 and D3 any scan line(s) RO, Ri, R2 
D6 and D2 any scan line(s) R3, R4, R5 
D5 and D1 any scan line(s) R6, R7,R8 


MA Man Ma md nm cmd m 
tog, HiiV, Tha 





NA and DN anu anan linn{a\ 
tafe Ry A Gity Goa mic Gy; 





* Any graphic block pair can be removed by programming for zero scan lines. 
** Total number of dots for both must be equal to the total dots per character with no overlap. 


TABLE 3 
THIN GRAPHICS MASK PROGRAMMING OPTIONS 


OPTION CHOICES STANDARD CRT 9021 
Backfill C1 or CO Co 
Horizontal position for 


D2 and D3 any scan line(s) RO-R15 5 
D4 any scan line(s) RO-R15 RO 
D5 any scan line(s) RO-R15 R11 
Horizontal length for 
D22 any continuous dots C7-CO, BF 
D32 all dots not covered by D2 
Blanked dots for serrated horizontal lines 


D2 any dot(s) C7-CO, BF none 
D3 any dot(s) C7-CO, BF none 
D4 and D5 any dot(s) C7-CO, BF none 


Vertical position for 


DO and D1 any dot(s) C7-CO, BF C3 
D6: any dot(s) C6-CO, BF BF 
D7! any dot(s) C7-CO C7 


Vertical length for 


DO any scan line(s) RO to R5 

D1 all scan lines not used by DO R6 to R15 
D6 no choice; always RO-R15 RO to R15 
D7 no choice; always RO-R15 RO to Ri5 


1-D7 must always come before D6 with no overlap; otherwise D6 is lost. 
2-D2 and D3 must always overlap by one and only one dot. 





SEI a a ED I ESA PES ETE TT SES SETI 

























TABLE 4 
MISCELLANEOUS MASK PROGRAMMING OPTIONS 
OPTION CHOICES STANDARD CRT 9021 
Backfill in character mode 
Character biink rate 8 to 60; divisible by 4 32 
(division of VSYNC frequency) (7.5 Hz to 1 Hz)! (1.875 Hz)! 


F Twice the character 16 
Cursor blink rate? blink rate (3.75 Hz)! 


character underline position any scan line(s) RO-R15 





any scan line(s) RO-R15 not applicable 
underline 
Blinking underline eee : 
cursor format* Reverse video block Blinking reverse video block 











Blinking reverse video block 





1 - Assumes VSYNC input frequency of 60 Hz. 

2 - Valid only if the cursor is formatted to blink. 

3 - Valid only if the cursor is formatted for underline. 
4 - Valid for the parallel scan line mode only. 
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tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
35 Maus Ghd. Hauppauge, MY. 1728 assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
gm) 273-3100 TWX-510-227-888 © Gevices described any iicense under ihe patent rights of SMC or others. SiC reserves the right to make changes 
We keep ahead of our competition so you can keep ahead of yours. «at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
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STANDARD MICROSYSTEMS 
—— ~ 






FDC 765A 





Single/Double Density Floppy Disk Controller 


FEATURES 

_] IBM Compatible in both Single and Double Density 
Recording Formats 

] Programmable Data Record Lengths: 128, 256, 512, or 
1024 Bytes/Sector 

(] Multi-Sector and Multi-Track Transfer Capability 

C] Drive Up to 4 Floppy Disks 

L] Data Scan Capability—will scan a Single Sector or an 
entire cylinder’s worth of data fields, comparing ona 
Byte by Byte Basis, data in the Processor’s Memory 
with data read from the Diskette 

L] Data Transfers in DMA or Non-DMA Mode 

_] Parallel Seek Operations on up to four drives 

(] Compatible with Most Microprocessors 

(] Single Phase 8 MHz Clock 

C1 Single + 5 Volt Power Supply 

[] COPLAMOS® n-Channel Silicon Gate Technology 

Cj Available in 40-Pin Dual-in-Line Package 








PIN CONFIGURATION 





PACKAGE: 40-pin D.LP. 


GENERAL DESCRIPTION 


The FDC765 is an LSI Floppy Disk Controller (FDC) Chip, 
which contains the circuitry and control functions for inter- 
facing a processor to 4 Floppy Disk Drives. It is capable of 
supporting either IBM 3740 single density format (FM), or 
IBM System 34 Double Density format (MFM) including 
double sided recording. The FDC765 provides control sig- 
nals which simplify the design of an external phase locked 
loop, and write precompensation circuitry. The FDC sim- 
plifies and handles most of the burdens associated with 
implementing a Floppy Disk Interface. 


Hand-shaking signals are provided in the FDC765 which 
make DMA operation easy to incorporate with the aid of an 
external DMA Controller chip. The FDC will operate in either 
DMA or Non-DMA mode. In the Non-DMA mode, the FDC 
generates interrupts to the processor every time a data byte 
is available. In the DMA mode, the processor need only load 
the command into the FDC and all data transfers occur 
under control of the FDC765 and DMA controller. 


There are 15 separate commands which the FDC765 will 
execute. Each of these commands require multiple 8-bit 


341 


bytes to fully specify the operation which the processor 
wishes the FDC to perform. The following commands are 
available: 


Read Data Write Data 

Read ID Format a Track 

Read Deleted Data Write Deleted Data 

Read a Track Seek 

Scan Equal Recalibrate (Restore to Track 0) 
Scan High or Equal Sense Interrupt Status 

Scan Low or Equal Sense Drive Status 

Specify 


Address mark detection circuitry is internal to the FDC which 
simplifies the phase locked loop and read electronics. The 
track stepping rate, head load time, and head unload time 
may be programmed by the user. The FDC765 offers many 
additional features such as multiple sector transfers in both 
read and write with a single command, and full IBM com- 
patibility in both single and double density modes. 
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STANDARD MICROSYSTEMS 
CORPORATION ees 
—=—_ -~ 


Floppy Disk 


FDC 1761-02 
FDC 1763-02 
FDC 1765-02 
FDC 1767-02 


LPC FAMILY 


FDC 


FEATURES 


L] 1 MHZ VERSION OF FDC 179X 
_] SOFT SECTOR FORMAT COMPATIBILITY 
L] AUTOMATIC TRACK SEEK WITH VERIFICATION 
_] ACCOMMODATES SINGLE AND DOUBLE 
DENSITY FORMATS 
IBM 3740 Single Density (FM) 
IBM System 34 Double Density (MFM) 
‘(J READ MODE 
Single/Multiple Sector Read with Automatic Search 
or Entire Track Read 
Selectable 128 Byte or Variable Length Record 
CL] WRITE MODE 
Single/Multiple Sector Write with Automatic Sector 
Search rane 
Entire Track Write for Diskette Initialization 
L] PROGRAMMABLE CONTROLS 
Selectable Track to Track Stepping Time 
Side Select Compare 
C] SYSTEM COMPATIBILITY 
Double Buffering of Data 8 Bit Bi-Directional Bus for 
Data, Control and Status 
DMA or Programmed Data Transfers 
All Inputs and Outputs are TTL Compatible 
On-chip Track and Sector Registers/Comprehensive 
Status Information ; 
C] WRITE PRECOMPENSATION (MFM AND FM) 
CL] SIDE SELECT LOGIC (FDC 1765, FDC 1767) 
(] WINDOW EXTENSION (IN MFM) 


GENERAL 


The FDC 176X is an MOS/LSI device which performs the 
functions of a Floppy Disk Controller/Formatter in a 
single chip implementation. The basic FDC 176X chip 
design has evolved into four specific parts: FDC 1761, 
FDC 1763, FDC 1765, and the FDC 1767. It is a 1MHz 
version of the FDC 179X family. 


This FDC family performs all the functions necessary 
to read or write data to a floppy disk drive. 5%” (mini- 
floppy) drives with single or double density storage 
capabilities are supported. These n-channel MOS/LSI 
devices will replace a large amount of discrete logic re- 
quired for interfacing a host processor to a floppy disk. 


The FDC 176X is IBM 3740 compatible in single density 
mode (FM) and System 34 compatible in double density 


-PIN CONFIGURATION 


“INVERTED BUS FOR FDC 1761. FDC 1765 
PACKAGE: 40 pin D.LP. 





CL] INCORPORATES. ENCODING/DECODING 
AND ADDRESS MARK CIRCUITRY 
CL] COMPATIBLE WITH FD176X-02 
LC] COPLAMOS® n-CHANNEL MOS TECHNOLOGY 
CL] COMPATIBLE WITH THE FDC 9216 FLOPPY DISK 
DATA SEPARATOR 


DESCRIPTION 
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mode (MFM). The FDC 176X contains enhanced fea- 
tures necessary to read/write and format a double 
density diskette. These include address mark detection, 
FM and MFM encode and decode logic, window ex- 
tension, and write precompensation. 


The FDC 1763 is identical to the FDC 1761 except the 
DAL lines are TRUE for systems that utilize true 
data busses. 


The FDC 1765 adds side select logic to the FDC 1761. 
The FDC 1767 adds the side select logic to the FDC 1763. 


The processor interface consists of an 8 bit bidirectional 
bus for data, status, and control word transfers. This 
family of controllers is configured to operate on a 
multiplexed bus with other bus-oriented devices. 
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DESCRIPTION OF PIN FUNCTIONS 


FUNCTION 


This pin is internally connected to the substrate bias generator and 
must be left open. 


Vec +5V +5% 
V+5% 


A logic low (50 microseconds min.) on this input resets the device 
and loads HEX 03 into the command register. The Not Ready 
(Status Bit 7) is reset during MR ACTIVE. When MR is brought to a 
logic high a Restore Command is executed, regardless of thestate of 
the Ready signal from the drive. Also, HEX 01 is loaded into the 
sector register. 


NAME SYMBOL 
NO CONNECTION NC 










1 


GROUND 
POWER SUPPLY 


sls 
| 
wey 








19 MASTER RESET 









| 
| 









COMPUTER INTERFACE: 


WRITE ENABLE ENABLE 
CHIP SELECT 
READ ENABLE 





A logic low on_this input gates data on the DAL into the selected 
register when CS is low 






A logic low on this input selects the chip and the parallel 
data bus (DAL). 












A logic low on this input controls the placement of data from a 
selected register on DAL@-DAL7 when CS is low. 












REGISTER SELECT 
LINES 


AO, A1 These inputs select the register to receive/transfer data on the DAL 
lines under RE and WE control: 



















Status Reg Command Reg 
Track Reg Track Reg 
Sector Reg Sector Reg 

| Data Reg Data Reg 








DATA ACCESS LINES 


CLOCK 


DATA REQUEST 


INTERRUPT REQUEST 


DALO- Eight bit Bidirectional bus used for transfer of data, control, and 
DAL7 status. This bus is a receiver enabled by WE or a transmitter 
enabled by RE. The Data Bus is inverted on the FDC 1761, and 
FDC 1765. Each line will drive 1 standard TTL load. 





This input requires a free-running square wave clock for internal 
timing reference of 1 MHz +1% with a 50% duty cycle. 





This open drain output indicates that the DR contains assembled 
data in Read operations, or the DR is empty in Write operations. 
This signal is reset when serviced by the computer through reading 
or loading the OR in Read or Write operations, respectively. Use a 
10K pull-up resistor to +5V. 


INTRQ_ | This open drain output is set at the completion or termination 

of any operation and is reset when a new command is loaded into 
the command register or the status register is read. Use a 10K 
pull-up resistor to +5V. 





N 
a 
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FLOPPY DISK INTERFACE: 


15 STEP STEP Step and direction motor control. The step output contains a pulse 
for each step. 


DIRECTION Direction Output is active high when stepping in, active low when 
stepping out. 


oh 
~“I 


EARLY | Indicates that the write data pulse occurring while Early is active 
(high) should be shifted early for write precompensation. 








Indicates that the write data pulse occurring while Late is active 
(high) should be shifted late for write precompensation. 


This input is used for testing purposes only and should be tied to 
+5V or left open by the user unless interfacing to voice coil 
actuated motors. 


23 HEAD LOAD TIMING 





When a logic high is found on the HLT input the head is assumed 
to be engaged. 
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READ GATE (1761/3) 






RAW READ 
HEAD LOAD 


TRACK GREATER 
THAN 43 


WRITE GATE 


WRITE DATA 
READY 


WRITE FAULT/ 
VFO ENABLE 


TRACK 00. 
INDEX PULSE 


WRITE PROTECT 


DOUBLE DENSITY 


SIDE SELECT OUTPUT 


SYMBOL 



















_ FUNCTION 





= 
This output is used for synchronization of external data separators. 
The output goes high after two bytes of zeroes in single density, 

or four bytes of either zeroes or ones in double density operation. 







The logic level of the Side Select Output is directly controlled by 
the ‘S iiag in Type if or ili Commands. wnen S — 1, SSU is Set to 
1a logic 1. When S = 0, SSO is set to a logic 0. The SSO is compared 
| with the side information in the sector |.D. field. If they do not 

j compare, status bit 4 (RNF) is set. The side select output is only 
updated at the beginning of a type II or Ill command. It is forced 
|t0 a logic 0 upon a MASTER RESET condition. 












WD 


READY 


WF/VFOE 





——-— 








f : AAT er ae pipers, WES de pl ation -o heed \ 
|A nominal square-wave clock signal derived from the data stream 


must be provided to this input. Phasing (ie. RCLK transitions) 
relative to 
is not. 


RAW READ is important but polarity (RCLK high or low) 





The data input signals directly from the drive. This input shall be a 
negative pulse for each recorded flux transition. 





The HLD output controls the loading of the Read-Write head | 
against the media. 


This output informs the drive that the Read/Write head is positioned 
between tracks 44-76. This output is valid only during Read and 
Write Commands. 





This output is made valid before writing is to be performed 
| on the diskette. 


A 400 ns (MFM) or 1000 ns (FM) pulse per flux transition. WD 
contains the unique Address marks as well as data and clock in both 
FM and MFM formats. 


This input indicates disk readiness and is sampled for a logic high 
before Read or Write commands are performed. If Ready is low the 
Read or Write operation is not performed and an interrupt is 
generated. Type | operations are performed regardless of the state 
of Ready. The Ready input appears in inverted format as Status 
Register bit 7. 





This is a bi-directional signal used to signify writing faults at the 
drive, and to enable the external PLO data separator. When WG=1, 
Pin 33 functions as a WF input. If WF=0, any write command will 
immediately be terminated. When WG =0, Pin 33 functions as a 
VFOE output. VFOE will go low during a read operation after the 
head has loaded and settled (HLT=1). On the 1765/7, it will remain 
low until the last bit of the second CRC byte in the ID field. VFOE 
will then go high until 8 bytes (MFM) or 4 bytes (FM) before the 
Address Mark. It will then go active until the last bit of the second 
CRC byte of the Data Field. On the 1761/3, VFOE will remain low 
until the end of the Data Field. 








This input informs the FDC176X that the Read/Write head is 
positioned over Track 00. 


This input informs the FDC176X when the index hole is encountered 
on the diskette. 





This input is sampled whenever a Write Command is received. 





Status bit. 





This pin selects either single or double density operation. When 
DDEN=0, double density is selected. When DDEN =1, single 
density is selected. 
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FUNCTIONAL DESCRIPTION 


The FDC 176X-02 major functional blocks are as follows: 


Data Shift Register — This 8-bit register assembles serial 
data from the Read Data input (RAW READ) during 
Read operations and transfers serial data to the Write 
Data output during Write operations. 


Data Register — This 8-bit register is used as a holding 
register during Disk Read and Write operations. In Disk 
Read operations the assembled data byte is transferred 
in parallel to the Data Register from the Data Shift 








Register. In Disk Write operations information is trans- 
ferred in parallel from the Data Register to the Data 
Shift Register. 


When executing the Seek command the Data Register 
holds the address of the desired Track position. This 
register is loaded from the DAL and gated onto the DAL 
under processor control. 


Sector Register (SR)— This 8-bit register holds the 
address of the desired sector position. The contents 
of the register are compared with the recorded sector 
number in the ID field during disk Read or Write opera- 
tions. The Sector Register contents can be loaded from 
or transferred to the DAL. This register should not be 
loaded when the device is busy. 


Command Register (CR)— This 8-bit register holds the 
command presently being executed. This register should 
not be loaded when the device is busy unless the new 
command is a Force Interrupt. The command register 
can be loaded from the DAL, but not read onto the DAL. 
Status Register (STR) — This 8-bit register holds device 
Status information. The meaning of the Status bits is a 
function of the type of command previously executed. 


This register can be read onto the DAL, but not loaded 
from the DAL. 


CRC Logic— This logic is used to check or to generate 
the 16-bit Cyclic Redundancy Check (CRC). The poly- 
nomial is: G(x) =x!®+x!2-+x5 +1. 

Track Register— This 8-bit register holds the track 
number of the current Read/Write head position. It is 
incremented by one every time the head stepped in 
(towards track 76) and decremented by one when the 





~ head is stepped out (towards track 00). The contents — 


of the register are compared with the recorded track 
number in the ID field during disk Read, Write, and 
Verify operations. The Track Register can be loaded 
from or transferred to the DAL. This Register should not 
be loaded when the device is busy. 


The CRC. includes all information starting with the 
address mark and up to the CRC characters. The CRC 
register is preset to ones prior to data being shifted 
through the circuit. 


Arithmetic/Logic Unit (ALU)— The ALU is a serial 
comparator, incrementer, and decrementer and is used 
for register modification and comparisons with the disk 
recorded ID field. 


Timing and Control— All computer and Floppy Disk 
Interface controls are generated through this logic. The 
internal device timing is generated from an external 
crystal clock. 

AM Detector— The address mark detector detects ID, 
data and index address marks during ready and 
write operations. 


OPERATION 


The FDC 176X has two modes of operation, according 
to the state of DDEN. When DDEN = 0, double density 
(MFM) is assumed. When DDEN = 1, single density 
(FM) is assumed. In either case the CLK input (Pin 24) 
is at 1MHz-and stepping rates of 6, 12, 20 and 30ms 
can be obtained. 





Disk Read Operation 


Sector lengths of 128, 256, 512 or 1024 are obtainable 
in either FM or MFM formats. For FM, DDEN should be 
placed to logical “1.” For MFM formats, DDEN should 
be placed to a logical “0.” Sector lengths are determined 
at format time by a special byte in the “ID” field. If this 
Sector length byte in the ID field is zero, then the sector 
length is 128 bytes. If 01, then 256 bytes. If 02, then 
512 bytes. If 03, then the sector length is 1024 bytes. 
For the FDC 1765/67 the sector length may be different 
according to the state of the b flag in the command 
word. Refer to Table 1; command summary. The number 
of sectors per track can be from 1 to 255 sectors. The 
number of tracks is from 0 to 255 tracks. 

For read operations, the FDC 176X requires RAW READ 
Data (Pin 27) signal which is a 400 ns pulse per flux 
transition and a Read clock (RCLK) signal to indicate 








flux transition spacings. The RCLK (Pin 26) signal is» 


provided by some drives but if not, it may be derived 


externally by Phase lock loops, one shots, or counter 
techniques. In addition, a Read Gate Signal is provided 
as an output (Pin 25) on 1761/63 which can be used to 
inform phase lock loops when to acquire synchroniza- 
tion. When reading from the media in FM, RG is made 
true when 2 bytes of zeroes are detected. The FDC 176X 
must find an address mark within the next 10 bytes; 
otherwise RG is reset and the search for 2 bytes of 
zeroes begins ail over again. If an address mark is found 
within 10 bytes, RG remains true as long as the FDC 176X 
is deriving any useful information from the data stream. 
Similarly for MFM, RG is made active when 4 bytes of 
“00” or “FF” are detected. The FDC 176X must find an 
address mark within the next 16 bytes, otherwise RG is 
reset and search resumes. 
During read operations (WG=0), the VFOE (Pin 33) is 
provided for phase lock loop synchronization. VFOE 
will go active when: 

a) Both HLT and HLD are True 

b) Settling Time, if programmed, has expired 

c) The 176X is inspecting data off the disk 
If WF/VFOE is not used, this pin may be left open, as 
it has an internal pull up resistor. 
On Disk Read operations the Data Request is activated 
(set high) when an assembled serial input byte is 
transferred in parallel to the Data Register. This bit 
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is cleared when the Data Register is read by the pro- 
cessor. If the Data Register is read after one or more 
characters are lost by having new data transferred into 
the register prior to processor readout, the Lost Data bit 
is set in the Status Register. The Read operation con- 
tinues until the end of sector is reached. 


Disk Write Operation 


When writing is to take place on the diskette the Write 
Gate (WG) output is activated, allowing current to flow 
into the Read/Write head. As a precaution against 
erroneous writing the first data byte must be loaded into 
the Data Register in response to a Data Request from the 
FDC 176X before the Write Gate signal can be activated. 
Writing is inhibited when the Write Protect input is a 
logic low, in which case any Write command is immedi- 
ately terminated, an interrupt is generated and the Write 
Protect status bit is set. The Write Fault input, when 
activated, signifies a writing fault condition detected 
in disk drive electronics such as failure to detect write 
current flow when the Write Gate is activated. On detec- 
tion of this fault the FDC 176X terminates the current 
command, and sets the Write Fault bit (bit 5) in the Status 
Word. The Write Fault input should be made inactive 
when the Write Gate output becomes inactive. 


For write operations, the FDC 176X provides Write Gate 
(Pin 30) and Write Data (Pin 31) outputs. Write data 
consists of a series of 1000 ns pulses in FM (DDEN=1) 





and 400 ns pulses in MFM (DDEN=0). Write Data pro- 
vides the unique address marks in both formats. 


Also during write, two additional signals are provided 
for write precompensation. These are EARLY (Pin 17) 
and LATE (Pin 18). EARLY is active true when the WD 
pulse appearing on (Pin 30) is to be written early. LATE 
is active true when the WU puise is to De writien LATE. 
If both EARLY and LATE are low when the WD pulse is 
present, the WD pulse is to be written at nominal. Since 
write precompensation values vary from disk manu- 
facturer to disk manufacturer, the actual value is 
determined by several one shots or delay lines which are 
iocated externai to the FDC 176X. Tne write precompen- 
sation signals EARLY and LATE are valid for the duration 
of WD in both FM and MFM formats. 


On Disk Write operations the Data Request is activated 
when the Data Register transfers its contents to the 
Data Shift Register, and requires a new data byte. It is 
reset when the Data Register is loaded with new data by 
the processor. If new data is not loaded at the time the 
next serial byte is required by the Floppy Disk, a byte 
of zeroes is written on the diskette and the Lost Data 
bit is set in the Status Register. 


At the completion of every command an INTRQ is 
generated. INTRQ is reset by either reading the status 
register or by loading the command register with a new 
command. In addition, INTRQ is generated if a Force 
Interrupt command condition is met. 


COMMAND WORDS 


The FDC 176X will accept eleven commands. Command 
words should only be loaded in the Command Register 
when the Busy status bit is off (Status bit 0). The one 
exception is the Force Interrupt command. Whenever 
a command is being executed, the Busy status bit is set. 
When a command is completed, an interrupt is gener- 
ated and the Busy status bit is reset. The Status Register 
indicates whether the completed command encountered 
an error or was fault free. For ease of discussion, 
commands are divided into four types. Commands and 
types are summarized in Table 1. 


Table 1. Command Summary 












Read Sector 











Write Sector F2 Fi ao 
Read Address 0 F, O 
Read Track 0 F, O 
Write Track 0 F, O 





ot 





Oo 


Force Interru 


N 
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Type | Commands 


The Type | Commands are Restore, Seek, Step, Step-In, 
and Step-Out. Each of the Type | Commands contains a 
rate field (ror1), which determines the stepping motor 
rate as defined in Table 2. 


The Type | Commands contain a head load flag (h) which 
determines if the head is to be loaded at the beginning 
of the command. If h=1, the head is loaded at the 
beginning of the command (HLD output is made active). 
lf h=0, HLD is deactivated. Once the head is loaded, 
the head will remain engaged until the FDC 176X receives 
a command that specifically disengages the head. If 
the FDC 176X is idle (busy=0) for 15 revolutions of the 
disk, the head will be automatically disengaged (HLD 
made inactive). 


The Type | Commands also contain a verification (V) 
flag which determines if a verification operation is to 
take place on the destination track. If V=1, a verification 
is performed, if V=O, no verification is performed. 


During verification, the head is loaded and after an 
internal 30 ms delay, the HLT input is sampled. When 
HLT is active (logic true), the first encountered ID field 
is read off the disk. The track address of the ID field is 
then compared to the Track Register; if there is a match 
and a valid ID CRC, the verification is complete, an 
interrupt is generated and the Busy status bit is reset. If 
there is not a match but there is valid ID CRC, an interrupt 





is generated, and Seek Error Status bit (Status bit 4) is 
set and the Busy status bit is reset. If there is a match but 
not a valid CRC, the CRC error status bit is set (Status 
bit 3), and the next encountered ID field is read from the 
disk for the verification operation. If an ID field with a 
valid CRC cannot be found after five revolutions of the 
disk, the FDC 176X terminates the operation and sends 
an interrupt (INTRQ). 

The Step, Step-In, and Step-Out commands contain an 
Update flag (u). When u=1, the track register is updated 
by one for each step. When u=0, the track register is 


_Not-updated.______-_-__----.-.---_- 





On the FDC 1765/7 devices, the SSO output is not 
affected during Type 1 commands, and an internal side 
compare does not take place when the (V) Verify Flag 
is on. 


Restore (Seek Track 0) 


Upon receipt of this command the Track 00 (TROO) 
input is sampled. if TROO is active low indicating the 





Read-Write head is positioned over track 0, the Track | 


Register is loaded with zeroes and an interrupt is gener- 
ated. If TROO is not active low, stepping pulses (pins 15 
to 16) at a rate specified by the riro field are issued until 
the TROO input is activated. At this time the Track 
Register is loaded with zeroes and an interrupt is gener- 
ated. If the TROO input does not go active low after 255 
stepping pulses, the FDC 176X terminates operation, 
interrupts, and sets the Seek error status bit. A verification 





operation takes place if the V flag is set. The h bit allows 
the head to be loaded at the start of command. Note that 


the Restore command is executed when MR goes from 
an active to an inactive state. 


Seek 


This command assumes that the Track Register contains 


the track number of the current position of the Read- 
Write head and the Data Register contains the desired 
track number. The FDC 176X will update the Track 
register and issue stepping pulses in the appropriate 
direction until the contents of the Track register are 
equal to the contents of the Data Register (the desired 
track location). A verification operation takes place if the 
V flag is on. The h bit allows the head to be loaded at the 
start of the command. An interrupt is generated at the 
completion of the command. Note: When using multi- 
ple drives, the track register must be updated for the 
drive selected before seeks are issued. 


Step 


Upon receipt of this command, the FDC 176X issues one 
stepping pulse to the disk drive, The stepping motor 
direction is the same as in the previous step command. 
After a delay determined by the riro field, a verification 
takes place if the V flag is on. If the u flag is on, the Track 
Register is updated. The h bit allows the head to be 
loaded at the start of the command. An interrupt is 
generated at the completion of the command. 

Step-in 

Upon receipt of this command, the FDC 176X issues one 
stepping pulse in the direction towards track 76. If the 
u flag is on, the Track Register is incremented by one. 
After a delay determined by the riro field, a verification 
takes place if the V flag is on. The h bit allows the head to 


be loaded at the start of the command. An interrupt is 


generated at the completion of the command. 
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Step-Out 


Upon receipt of this command, the FDC 176X issues one 
stepping pulse in the direction towards track 0. If the 
u flag is on, the Track Register is decremented by one. 
After a delay determined by the riro field, a verification 
takes place if the V flag is on. The h bit allows the head to 
be loaded at the start of command. An interrupt is 
generated at the completion of the command. 


Head Positioning 
The period of each positioning step is specified by the 





head settling time takes place if the Verify flag is set in 
Type | commands. If TEST=0, there is zero settling time. 
There is also a 30 ms head settling time if the E flag is set 
in any Type Il or Ill command. 


The rates (shown in Table 2) can be applied to a Step- 
Direction Motor through the device interface. 


Step— A 4 us (MFM) or 8 us (FM) pulse is provided as an 
output to the drive. For every step pulse issued, the 
drive moves one track location in a direction determined 
by the direction output. 


Direction (DIRC)— The Direction signal is active high . 


when stepping in and low when stepping out. The Direc- 
tion Signal is valid 24 ys before the first stepping pulse 
is generated. 


When a Seek, Step or Restore command is executed an 
optional verification of Read-Write head position can be 
performed by setting bit 2 (V=1) in the command word 
to a logic 1. The verification operation begins at the end 
of the 30 millisecond settling time after the head is 
loaded against the media. The track number from the 
first encountered ID Field is compared against the 
contents of the Track Register. If the track numbers 
compare and the ID Field Cyclic Redundancy Check 
(CRC) is correct, the verify operation is complete and an 
INTRQ is generated with no errors. The FDC 176X must 
find an ID field with correct track number and correct 
CRC within 5 revolutions of the media; otherwise the 
seek error is set and.an INTRQ is generated. 


Table 2. Stepping Rates 





The Head Load (HLD) output controls the movement of 
the read/write head against the media. HLD is activated 
at the beginning of a Type | command if the h flag is 
set (n=1), at the end of the Type'l command if the verify 
flag (V=1), or upon receipt of any Type Il or II| command. 
Once HLD is active it remains active until either a Type | 
command is received with (h=0 and V=0); or if the 
FDC 176X is in an idle state (non-busy) and 15 index 
pulses have occurred. 

Head Load Timing (HLT) is an input to the FDC 176X 
which is used for the head engage time. When HLT=1, 
the FDC 176X assumes the head is completely engaged. 


+ field in bits T and 0 of the command word. Afterthe 
last directional step an additional 30 milliseconds of — 


=> 
= 
= 
= 
[a] 
ui 
wm 





The head engage time is typically 30 to 100 ms depend- 
ing on drive. The low to high transition on HLD is 
typically used to fire a one shot. The output of the one 
shot is then used for HLT and supplied as an input to 
the FDC 176X. 





}<s-—50 TO 100mS —a 


t---- Sa 
rs i] 


HLT (FROM ONE SHOT) 


Head Load Timing 


When both HLD and HLT are true, the FDC 176X will 
then read from or write to the media. The “and” of HLD 
and HLT appears as a status bit in Type | status. 


TYPE | COMMANDS FLAG SUMMARY 


h=Head Load Flag (Bit 3) 
h=1, Load head at beginning 
h=0, Unload head at beginning . 
V=Verify flag (Bit 2) 
V=1, Verify on destination track 
V=0, No verify 
r1fo= Stepping motor rate (Bits 1-0) 
Refer to Table 2 for rate summary 
u= Update flag (Bit 4) 
u=1, Update Track register 
u=0, No update 












EXCEPTIONS 

On the FDC 1765/7 devices, the SSO output is not affected 
during Type 1 commands, and an internal side compare 
does not take place when the (V) Verify Flag is on. 


Type Il Commands 


The Type ll Commands are the Read Sector and Write 
Sector commands. Prior to loading the Type !! Command 
into the Command Register, the system must load the 
Sector Register with the desired sector number. Upon 
receipt of the Type I! command, the busy status Bit is 
set. If the E flag=1 (this is the normal case) HLD is made 
active and HLT is sampled until true after a 30 msec delay. 
If the E flag is 0, HLD is made active and HLT is sampled 
with no delay until true. The ID field and Data Field 
format are shown below. 


When an ID field is located on the disk, the FDC 176X 
compares the Track Number on the ID field with the 
Track Register. If there is not a match, the next encountered 
ID field is read and a comparison is again made. If there 
is a match, the Sector Number of the ID field is compared 
with the Sector Register. If there is not a Sector match, 
the next encountered ID field is read off the disk and 





comparisons again made. If the ID field CRC is correct, 
the data field is then located and will be either written 
into, or read from depending upon the command. The 
FDC 176X must find an ID field with a Track number, 
Sector number, side number, and CRC within four 
revolutions of the disk: otherwise, the Record not found 
status bit is set (Status bit 3) and the command is ter- 
minated with an interrupt. 


Each of the Type I! Commands contains an (m) flag 
which determines if multiple records (sectors) are to be 
read or written, depending upon the command. If m=O, 
a single sector is read or written and an interrupt is 
generated at the completion of the command. If m=1, 
multiple records are read or written with the sector 
register internally updated so that an address verification 
can occur on the next record. The FDC 176X will read 
or write multiple records starting with the sector pre- 
sently in the sector register. The FDC 176X will continue 
to read or write multiple records and update the sector 
register in numerical ascending sequence until the 
sector register exceeds the number of sectors on the 
track or until the Force Interrupt command is loaded into 
the Command Register, which terminates the command 
and generates an interrupt. 


lf the Sector Register exceeds the number of sectors on 
the.track, the Record-Not-Found status bit will be set. 


The Type |! commands also contain side select compare 
flags. When C=0, no side comparison is made. When 
C=1, the LSB of the side number is read off the ID 
Field of the disk and compared with the contents of 
the (S) flag. If the S flag compares with the side number 
recorded in the ID field, the 176X continues with the 1D 
search. If a comparison is not made within 5 index 
pulses, the interrupt line is made active and the Record- 
Not-Found status bit is set. 


The Type If and Ill commands for the FDC 1765/67 
contain a side select flag (bit 1). When U = 0, SSO 
is updated to 0. Similarly, U = 1 updates SSO to 1. The 
chip compares the SSO to the ID field. If they do not 
compare within 5 revolutions, the interrupt line.is made 
active and the RNF status bit is set. 


The FDC 1765/7 READ SECTOR and WRITE SECTOR 
commands include a ‘b’ flag. The ‘b’ flag, in conjunction 
with the sector length byte of the ID Field, allows different 
byte lengths to be implemented in each sector. For IBM 
compatibility, the ‘b’ flag should be set to a one. The 
‘s’ flag allows direct control over the SSO Line (Pin 25) 
and is set or reset at the beginning of the command, 
dependent upon the value of this flag. 


Sector Length Table (1761/3 only) 


Sector Length Number of Bytes 
Field (hex) in Sector (decimal) 


Field Format 


ID FIELD 





GAP| ID | TRACK SIDE SECTOR SECTOR | CRC | CRC | GAP| DATA CRC | CRC 
il | AM | NUMBER } NUMBER] NUMBER | LENGTH] 1 2 It | AM | DATA FIELD | 1 2 





DATA FIELD 


In MFM only, IDAM and DATA AM are preceded by three bytes of A1 with clock transition between bits 4 and 5 missing. 
350 





Read Sector 


Upon receipt of the Read Sector command, the head is 
loaded, the Busy status bit set, and when an ID field 
is encountered that has the correct track number, 
correct sector number, correct side number, and correct 
CRC, the data field is presented to the computer. The 
Data Address Mark of the data field must be found within 
30 bytes in single density and 43 bytes in double density 
of the last ID field CRC byte; if not, the Record-Not- 
Found status bit is set and the operation is terminated. 
..When_the_first_character_or_byte_of the data_field_has— 
been shifted through the DSR, it is transferred to the DR, 
and DRQ is generated. When the next byte is accumu- 
lated in the DSR, it is transferred to the DR and another 
DRQ is generated. If the Computer has not read the 
previous contents of the DR before a new character is 
transferred that character is lost and the Lost Data 
Status bit is set. This sequence continues until the com- 
plete data field has been inputted to the computer. If 
there is a CRC error at the end of the data field, the 
CRC error status bit is set, and the command is termi- 
nated (even if it is a multiple record commanda). 

At the end of the Read operation, the type of Data 
Address Mark encountered in the data field is recorded 
in the Status Register (Bit 5) as shown below: 


STATUS 
BIT 5 
1 Deleted Data Mark 
0 Data Mark 


COMMAND 


READ SECTOR 
WRITE SECTOR 





DATA ADDRESS MARK (ao) 


F, (1761/3). SIDE COMPARE FLAG (C) 


F, (1765/7) SIDE SELECT FLAG (S) 


DELAY (E) 


F2 (1761/3) SIDE SELECT FLAG (S) =k 


Fe (1765/7) SECTOR LENGTH FLAG (b)[ 4 


MULTIPLE SECTORS (m) 


Write Sector 


Upon receipt of the Write Sector command, the head 
is loaded (HLD active) and the Busy status bit is set. 
When an ID field is encountered that has the correct 
track number, correct sector number, correct side 
number, and correct CRC, a DRQ is generated. The 
FDC 176X counts off 11 bytes in single density and 22 
bytes in double density from the CRC field and the Write 
Gate (WG) output is made active if the DRQ is serviced 
(i.e., the DR has been loaded by the computer). If DRQ 
has not been serviced, the command is terminated and 





the Lost Data status bit is set. If the DRQ has been ser- 
viced, the WG is made active and six bytes of zeros in 
single density and 12 bytes in double density are then 
written on the disk. At this time the Data Address Mark 
is then written on the disk as determined by the ao field 
of the command as shown below: 


ao Data Address Mark (Bit 0) 
1 Deleted Data Mark 
0 Data Mark ~ 


The FDC 176X then writes the data field and generates 
DRQ’s to the computer. If the DRQ is not serviced in 
time for continuous writing, the Lost Data Status Bit is 
set and a byte of zeros is written on the disk. The com- 
mand is not terminated. After the last data byte has been 
written on the disk, the two-byte CRC is computed 
internally and written on the disk followed by one byte 
of logic ones in FM or in MFM. The WG output is 
then deactivated. For a 1 MHz clock, the INTRQ will 
set 16 or 24 usec after the last CRC byte is written. 


0=Write hex FB (data) into Data Address Mark field 
1=Write hex F8 (deleted data) into Data AM field 


0=Side number not tested 
1=Side number tested 


0=Update SSO to 0 
1=Update SSO to 1 


No delay between HLD activation and HLT Sampling 
1=15 ms delay between HLD activating and HLT Sampling 


=Compare for side 0 
=Compare for side 1 


Sector Length Field 
oo. O01 10 11 


256 512 1024 128 
128 256 512 1024 


O=Read (or Write) Single Sectors 
1=Read (or Write) Multiple Sectors 


Figure 1. Type Ii and Ill Flag Summary 
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Type Ill Commands 


There are three Type lil Commands: 

e READ ADDRESS—Read the next ID field (6 bytes) 
into the FDC. 

e READ TRACK—Read all bytes of the entire track, 
including gaps. 

e WRITE TRACK—Write all bytes to the entire track, 
including gaps. 

Read Address 

Upon receipt of the Read Address command, the head is 


jioaded and the Busy Status Bit is set. The next en- 
countered ID field is then read in from the disk, and the 
six data bytes of the ID field are assembled and trans- 
ferred to the DR, and a DRQ is generated for each byte. 


The six bytes of the ID field are shown below: 


TRACK SIDE SECTOR SECTOR See ie 
ae og a LENGTH 


Although the CRC characters are transferred to the 
computer, the FDC176X checks for validity and the CRC 









error status bit is set if there is a CRC error. The Track 
Address of the ID field is written into the sector register. 
At the end of the operation an interrupt is generated and 
the Busy Status is reset. 


Read Track 


flaw imt nf thn Dana Tenant aneramanaA thn KRAnA ie 


n 
wpon roSTipe WP LEER CURA PU RAGIN OUsTEP Peas a, LE Pe 


loaded and the Busy Status bit is set. Reading starts 
with the leading edge of the first encountered index 
pulse and continues until the next index pulse. As each 
byte is assembled it is transferred to the Data Register 


and the Data Request is generated for each byte. No 
CRC checking is nerformed. Gaps are included in the 


wT ty Ve Wop 


input data stream. The accumulation of bytes is synchro- 
nized to each Address Mark encountered. Upon com- 
pletion of the command, the interrupt is activated. RG 
is not activated during the Read Track Command. An 
internal side compare is not performed during a 
Read Track. 


This command has several characteristics which make it 
suitable for diagnostic purposes. They are: the Read 
Gate is not activated during the command; no CRC 
checking is performed; gap information is included in 
the data stream; the internal side compare is not per- 


COMPLETE SECTOR 
“No | GAP | GAP] co [gc | GAP 'D GAP | DATA | GAP ID cap} pata | Gar 0/ LAST 
3 
sync | 4 s 1 | FleL_D1 | 2 | FIELD1 |] 3 | FleLD2 | 2 | FiELD2 capa 
INDEX DETECTED | | 
INDEX AM 
DR = F6 WRITE 
3 TIMES MFM ONLY 





OR - seal 


TRACK NUMBERS. 00-44 — 








SINGLE SIDED: NUMBER - 00 





DOUBLE SIDED. SIDE 0 =00 
DOUBLE SIDED. = SIDE 1:01 
BYTES/SECTOR 
SECTOR NO af MEM 
O1-1A 128 256 
01-0F 256 512 
01-08 [| 512 | 1024 


“DR=F5 WRITE 3 TIMES MFM ONLY 


2 BYTE CRE 
WRITTEN 
DR FB DR - F7 


2 BYTES CRC WRITTEN 
DR =F7 


SECTOR LENGTH 


oF 256 Figure 2. IBM 
02 «512 
03 1024 Compatible Sector/Track Format 


Table 3. Control Bytes For Initialization 











FE 


Write FE, Clk = C7, Preset CRC 
FF Write FF with Clk = FF 





“Missing clock transition between bits 4 and 5 


DATA PATTERN FDC 176X INTERPRETATION 

IN DR (HEX) IN FM (DDEN = 1) 

00 thru F4 Write 00 thru F4 with CLK = FF 

F5 i Now Allowed 

F6 Not Ailowed 

F7 Generate 2 CRC bytes 

F8 thru FB Write F8 thru FB, Clk = C7, Preset CRC 

FC Write FC with Clk = D7 

FD Write FD with Clik = FF 


] FDC 176X INTERPRETATION | 
IN MFM (DDEN = 0) 


Write 00 thru F4, in MFM 
Write A1* in MFM, Preset CRC 
Write C2** in MFM 

Generate 2 CRC bytes 

Write F8 thru FB, in MFM 
Write FC in MFM 

Write FD in MFM 


Write FF i in MFM 








**Missing clock transition between bits 3 and 4. 





formed; and the address mark detector is on for the 


duration of the command. Because the A.M. detector . 


is always on, write splices or noise may cause the chip 
to look for an A.M. If an address mark does not appear 
on schedule the Lost Data status flag is set. The IDA.M., 


ID field, ID CRC bytes, DAM, Data, and Data CRC. 


Bytes for each sector will be correct. The Gap Bytes 


may be read incorrectly during write-splice time 


because of synchronization. 
Write Track 


Upon receipt of the Write Track command, the head is — 


loaded and.the Busy Status biti is-set- Writing-starts 


Type IV Commands 

Force Interrupt.is the only Type IV command. This 
command permits the MPU to terminate (abort) any 
command in progress. Figure 3 tabulates the Type IV 
command option bits. 

The four bits, lo-Is, are used to select the condition of the 


_ .. interrupt occurrence. Regardless of which bit is set, any 


command currently being executed is immediately 
terminated and the Busy status bit is cleared, indicating 
“Not Busy”. Then, when the condition is met, INTRQ 


’ goes high, causing the required interrupt. 
_If lo-l3 are all “O”, no interrupt occurs, but any. currently 





with the leading edge of the first encountered index 
pulse and continues until the next index pulse, at which 
time the interrupt is activated. The Data Request is 
activated immediately upon receiving the command, 
but writing will not start until after the first byte has been 
loaded into the Data Register. If the DR has not been 


loaded by the time the index. pulse is encountered the: 


operation is terminated making the device Not Busy, the 
Lost Data Status Bit is set, and the Interrupt is activated. 


If a byte is not present in the DR when needed, a byte of — 
zeros is substituted. Address Marks and CRC characters _ 


are written on the disk by detecting certain data byte 


‘patterns in the outgoing data stream as shown inthe - 


table below. The CRC generator is initialized when any 
data byte from F8 to FE is about to be transferred from 
the DR to the DSR in FM or by receipt of F5 in MFM. 


Disk formatting (initialization) is accomplished by the 
Write Track command. Each byte for the entire track 
must be provided for proper formatting. This includes 
gap as well as data bytes. 


The sequence required to format a diskette begins with 
positioning the Read/Write head at the desired track. 
‘Onee this has been done, it is necessary to perform a 
Write Track command to store all the information on a 
track. The Write Track command uses DRQ to request 
each byte from the system MPU, starting with the byte at 
the beginning of the physical Index Pulse and ending 
with the last gap bytes at the end of the track. Figure 2 
illustrates the IBM standard for track formatting. 


Normally, each data byte stored on the diskette must 


be generated by the system MPU and passed into the. 


FDC Data Register. However, there are exceptions to 
this rule. If a data byte of hex F5 through FE is entered 
into the Data Register, then the FDC recognizes this as 


an AM with missing clocks or CRC generation code.. 


Consequently, F5 through FE must not be used in gaps, 


data fields, or ID fields, as this will disrupt normal opera- 


tion of the FDC during formatting. Table 3 shows the 
definition of F5 through FE for disk intialization. 


ee ae SS 
PTs[s[e1 312] 6] cOmmano 
Pofeh Pe pT Def FORCE INTERRUPT 


70 No effect - a 
READY TRANSITION-{ 9 Forces INTRO when READY input goes low-to-high 





| L____ NOT-READY TRANSITION] © No effect 


| L____ inpex purse]? No Effect 


1 Forces INTAQ on next INDEX pulse input 
| mmepiatet ° No elfect 


Forces INTRO immediately 


Figure 3. 
Force Interrupt Command Flags 


1 Forces INTRO when READY input goes high-to-low 





executing command is immediately terminated. If more 
than one condition is selected, then the interrupt occurs 
when any of the conditions is met. 

To clear the interrupt, it is necessary to read the Status 
Register or to write the Command Register. An exception, 
however, is for ls=1 (Immediate Interrupt). For this case, 


~ the interrupt is cleared with another Force Interrupt 


command with lo-l3 all low. 

It is necessary to wait 16 microseconds (double density) 
or 32 microseconds. (single density) before issuing a 
new command. after issuing a force interrupt. Loading 
a new command sooner than this will pullily | the forced 


.interrupt. 


Status Register 

The Status Register permits the MPU to monitor a variety 
of conditions in the FDC..For each command, the 
individual status bits have their own meaning. When a 


-command is initiated (except for the Force Interrupt 
_ command), the Busy status bit is set and the others are 


cleared or updated. If the Force Interrupt command is 
entered when another command is.in progress, the 
Busy status bit is cleared, but the others remain 
unaffected. However, if the Force Interrupt command 


~ is initiated when there is not another command in pro- 


gress, the other status bits are cleared or updated and 
represent the Type | Command status. Figure 4 illustrates 
the meaning of the status bits for each command. 

The user has the option of reading the status register 
through program control or using the DRQ line with 
DMA or interrupt methods. When the Data register is 
read the DRQ bit in the status register and the DRQ line 
are automatically reset. A write to the Data register 
also causes both DRQ’s to reset. 

The busy bit in the status may be monitored with a user 
program to determine.when a command is complete, in 
lieu of using the INTRQ line. When using the INTRQ, a 


. busy status check ts not recommended because a read 


of the status register to determine the condition of 
busy will reset the INTRQ fine. 
Because of internal sync cycles, certain time delays 


“must be observed when operating under programmed 


1/O. They are shown in Figure 3A. 





Delay Req'd. 
Next Operation FM MFM 
Read Busy Bit 

) 


Operation 











ig : 
Observed delay during programmed 1/O 
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Figure 4A. Status Register Summary 







COMMAND STATUS BIT 


Be et Er eel ee ee 


ACiee Novnosdy MerinG mrctooe Hsad loses Sock 
READ SECTOR Not Ready a Record Type _{ Rec not Found | CRC Error 
WRITE SECTOR Not Ready Write Protect Write Fault Rec not Found | CRC Error Lost Data 


| ORG _| 
| pRa_| 
READ ADDRESS | NotReady | 0 || Rec not Found | CRC Error | LostData | DRQ | Busy _| 
ax aes a | ORO 
|_bRQ_| 
















Cank Crear COR Cerne Tena 
mere wt ee eee verrenes 





READ TRACK Not Ready ro [0 | Lost Data 
WRITE TRACK Not Ready | Write Protect | WriteFaut | 0 | 0 | LostData | 






Figure 4B. Status Description for Type | Commands 


BIT] NAME___| MEANING 
S7 | NOT READY . This bit when set indicates the drive is not ready. When reset it indicates that the drive is 
ready. This bit is an inverted copy of the Ready input and logically ‘ored’ with MR. 


PROTECTED When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT input. 


HEAD LOADED When set, it indicates the head is loaded and engaged. This bit is a logical “and” of HLD 
and HLT signals. 


s4_| SEEK ERROR When set, the desired track was not verified. This bit is reset to 0 when updated. 
CRC ERROR CRC encountered in ID field. 


S2 | TRACKOO ~ When set, indicates Read/Write head is positioned to. Track 0. This bit is an inverted cop 
of the TROOQ input. 
INDEX When set, indicates index mark detected from drive. This bit is an inverted copy of the 
IP input. 


BUSY When set command is in progress. When reset no command is in progress. | 


Figure 4C. Status Description for Type II and II] Commands 


‘BIT | NAME MEANING 


S7 | NOT READY This bit when set indicates the drive is not ready. When reset, it indicates that the drive 
is ready. This bit is an inverted copy of the Ready input and ‘ored’ with MR. The Type Ii 
and lil Commands will not execute unless the drive is ready. 

$6 


WRITE PROTECT] On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a Write 
Protect. This bit is reset when updated. 


RECORD TYPE/ On Read Record: It indicates the record-type code from data field address mark. 
WRITE FAULT 1=Deleted Data Mark. O=Data Mark. On any Write: It indicates a Write Fault. This bit is 
reset when updated. 


RECORD NOT When set, it indicates that the desired track, sector, or side were not found. This bit is reset 


FOUND (RNF) when updated. 


3 | CRC ERROR If S4 is set, an error is found in one or more ID fields; otherwise it indicates error in data 
field. This bit is reset when updated. 


S2 | LOST DATA When set, it indicates the computer did not respond to DRQ in one byte time. This bit is 
reset to zero when updated. 


S1 | DATA REQUEST | This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read Operation 
. | or the DR is empty on a Write operation. This bit is reset to zero when updated. 
SO | BUSY 


When set, command is under execution. When reset, no command is under execution. 
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Write Data Timing: 























PARAMETER SYMBOL : : : CONDITIONS 
Write Data Pulse Width FM 
MFM 
Write Gate to Write Data FM | 
MFM 
_ Write data cycle Time_ —-#CLK-Error 
, Early (Late) to Write Data MFM 
' Early (Late) From MFM 
: Write Data 
| Write Gate off from WD FM 
MFM 
WD Valid to Clk 
WD Valid after Clk 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ........... 0... cc ccc ccc cece cee neeeecccccccetevucvctanes 0°C to +70°C 
Storage Temperature Range ........... 0. ccc ccc cece cece ence ccccececuvevvuveveteeecs — 55°C to + 150°C 
Lead Temperature (soldering, 10 sec.) 20... ce ccc ccc ccc ccc eceseneeeauneuneneunns +325°C 
Positive Voltage on any Pin, with respect to ground ......... 0. cece ccc cece cece cececeuuunncuneees +15V 
Negative Voltage on any Pin, with respect to ground ........ 0. cece cece cece eeeuceveeveveeeeees —0.3V 


"Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
fiinctional oneration of the device at these or at anv other condition ahove those indicated in the anerational 
sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes 
or “glitches” on their outputs when the AC power is switched on and off. In addition, voltage transients on the 
AC power line may appear on the DC output. If this possibility exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vec=+5V+5%, Vop=+12V+5% unless otherwise noted) 
PARAMETER SYMBOL MIN TYP MAX UNIT COMMENTS 
DC CHARACTERISTICS 
Input Voltage Levels 
Low Level, Vic 0.8 Vv 
High Level, Vin 2.6 V 
Output Voltage Levels 
Low Level Vor 0.45 Vv loo =1.6mA 
High Level Von 2.8 V lon= 100 pA 
Output Leakage, lo 10 LA Vout=Vpp 
Input Leakage, I 10 LA Vin= Vop 
Output Capacitance 5 pf 
Input Capacitance 10 pt 
Power Dissipation 600 mW 


AC CHARACTERISTICS 
Processor Read Timing 
Address Setup Time tseTr 50 ns Figure 5 
Address Hold Time tHLor 10 ns Figure 5 
RE Pulse Width (C.=50pF) tre 400 ns Figure 5 
DRQ Reset Time torr 500 ns Figure 5 
INTRQ Reset Time tiar 1000 6000 ns Figure 5 
Data Delay Time (C.=50pF) toacc 350 ns Figure 5 
Data Hold Time (C.=50pF) toox 50 150 ns Figure 5 
Microprocessor Write Timing 
Address Setup Time tsetw 50 ns Figure 6 
Address Hold Time tHLpw 10 ns Figure 6 
WE Pulse Width twe 350 ns Figure 6 
DRQ Reset Time torr _ 500 ns Figure 6 
INTRQ Reset Time tinr 1000 6000 ns Figure 6 
Data Setup Time tos 250 ns Figure 6 
Data Hold Time tox 70 ns Figure 6 
Disk Input Data Timing 
RAWREAD Pulse Width tow 100 200 ns Figure 7, See Note 
Clock Setup Time ta 40 ns Figure 7 See Note 
Clock Hold Time for MFM tea 40 ns Figure 7 
Clock Hold Time for FM tes 40 ns Figure 7 
RAWREAD Cycle Time toe 3000 ns 3600 at 70°C, Figure 7 
MFM t 1.6 us Figure 7 
FM . 1.6 US Figure 7 
1.6 Figure 7 
1.6 Figure 7 
Figure 7 
Figure 7 


RCLK High Pulse Width 


RCLK Low Pulse Width ae te 


RCLK Cycle Time eet. te 
Miscellaneous Timing 
CLK Low Pulse Width teo1 
CLK High Pulse Width tcp2 
STEP Pulse Width | tere 
DIRC Setup Time tor 
MR Pulse Width tur 
IP Pulse Width tip 
WF Pulse Width 
CLK Cycle Time 
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Figure 8 
Figure 8 
Figure 8 
Figure 8 
Figure 8 
Figure 8 
Figure 8 
Figure 8 
Figure 8 








Figure 5. 32us (MFM) or 64s (FM): 
Microprocessor | Tore 
Read Timing 
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Figure 6. 
Microprocessor 
Write Timing 
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Figure 7. 
Disk Input 
Timing renee 


Note Pulse width or RAW READ (Pin 27) 1s normally 10-300 ns However. pulse may be any width if pulse is entirely 
within window {f pulse occurs in both windows. then pulse width must be less than 600 ns for MFMatCLK 1 MHz and 
1200 ns for FM at 1 MHz 


Figure 8. 
Miscellaneous 
Timing 
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DISK FORMATS 


Disks may be formatted in IBM 3740 or System 34 











formats with sector lengths of 128, 256, 512, or oe NO.OF | commeNTs 
1024 bytes. | (nex) BYTES | 
IBM 3740 Format 4€ 80]_| Gap 5 
This single-density (FM) format utilizes 128 bytes/ (Post Index) 
sector. The bytes to be generated by the system 00 12 
MPU for use in the execution of the Write Track ai : doe 

2 7 naex 
command are shown in Figure 9. | ic so] | 
IBM System 34 Format i 00 12 +4+-Gap 1 





This double-density (MFM) format utilizes 256 
bytes/sector. The bytes to be generated by the F5 3 
system MPU for use in the execution of the Write 
Track command are shown in Figure 10. 


Writes A1 


; FE 1 ID AM 

Non-!IBM Formats 

Unique (non-IBM) formats are permissible provid- aie ‘i eee 

ing the following restrictions are understood. SECTOR Ox 1 Side Number 

® Sector length may only be 128, 256, 512, or O (00 or 01) 
1024 bytes. XX 1 Sector Number 


(01-1A) 
Sector Length 
(256 Bytes) 


Causes 2-Byte 
GRC to be 
Written 


Gap 2 (ID Gap) 


¢ Gap sizes must conform to Figure 11. 

In addition, the Index Address Mark is not required 
for operation by the FDC 176X. Gap 1, 3, and 4 F7 1 
lengths can be as short as 2 bytes for FDC 176X 

operation, however PLL lock up time, motor speed ie 5 
variation, write-splice area, etc. willadd more bytes ne is 
to each gap to achieve proper operation. It is FS 5 
recommended that the appropriate format be used 

for highest system reliability. 


Ot 1 


Writes At 





prema. FB 1 Data AM 
COMMENTS 40 256 Data Field 
F7 1 Causes 2-Byte 





CRC to be 
Written 

Part of Gap 3 
(Data Gap) 





oe - teste 


(Post index) 4E 54 















































index AM 4E 598 Gap 4 
Figure 10. Hy cecil ATE IDEN) 0 
Gap 1 Byte Sequence NOTES: 1 THIS PATTERN MUST BE 
[0 6 for IBM System-34 eeacre ce MGe Pett 
i i i . 
i | FE | 1 1D AM i Formatting 2 CONTINUE WRITING HEX 
| | XX | 1 | Track Number | 4E UNTIL FDC COMPLETES 
| t i (00-4C) { SEQUENCE AND GENERATES 
| ae | ; Se Gauee INTRO INTERRUPT. 
} ide Num r 
| | (00 or 01) 
| XX 1 tor Numb _ 
| | ere gure SINGLE [| DOUBLE 
DENSITY DENSITY 
00 1 Sector Length (FM) (MFM) 
ONE (128 bytes) 16 bytes FF 16 bytes 4E 
ytes ytes 
SECTOR F7 1 Causes 2-Byte 
CRC to be 11 bytes FF 22 bytes 4F 
® | Written 6 bytes 00 12 bytes 00 
FF 11 Gap 2 (ID Gap) __ 3 bytes Al 
00 6 10 bytes FF 16 bytes 4E 
4 byies 00 8 byies 00 2 
FB 1 Data AM + 
3 bytes At 
1 Fiel oo re 
= 5s een ¥ | Gap 4 | 16 bytes FF | "16 bytes 4E | ae: | 
CRC to be : NOTES: 1 THESE BYTES COUNTS ARE EXACT 
Figure 9. Writt 2. THESE BYTES COUNTS ARE MINIMUM 
Byte Sequence ute EXCEPT FOR 3 BYTES Al. WHICH IS EXACT 
FF 27 Part of Gap 3 
for IBM 3740 (Data Gap) Figure 11. Gap Size Limitations 
. ® 9 
Formatting FF 247 Gap 4 
{Pre Index) 





NOTES: 1. THIS PATTERN MUST BE WRITTEN 26 TIMES PER TRACK 
2. CONTINUE WRITING HEX FF UNTIL FDC COMPLETES 
SEQUENCE AND GENERATES INTRO INTERRUPT 


STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
CORPORATION as 


tions; consequently complete information sufficient for construction purposes is not necessarily given. The 

information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 

oF 5 skecis Boa nenTaa assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 

5161273 000 TWH5N0. 22785 «= GeviCeS Gescribed any license under ihe paient rights of SMC or others. SMC reserves ihe rignt to make changes 
We keep ahead of our competition so you can keep ahead of yours. at any time in order te improve design and supply the best product possible. 
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STANDARD MICROSYSTE 
CORPORATION : Lis 
— ~~ 






Floppy Disk 
_ Controller/Formatter FDC 1797-02 — 


FDC 1791-02 
FDC 1792-02 
FDC 1793-02 
FDC 1794-02 
FDC 1795-02 








FDC 


FEATURES 


C] SOFT SECTOR FORMAT COMPATIBILITY 
[1 AUTOMATIC TRACK SEEK WITH VERIFICATION 
CL] ACCOMMODATES SINGLE AND DOUBLE 
DENSITY FORMATS 
IBM 3740 Single Density (FM) 
IBM System 34 Double Density (MFM) 
[J READ MODE 
Single/Multiple Sector Read with Automatic Search 
or Entire Track Read 
Selectable 128 Byte or Variable Length Record 
C] WRITE MODE 
Single/Multiple Sector Write with Automatic Sector 
Search 
Entire Track Write for Diskette Initialization 
CL] PROGRAMMABLE CONTROLS 
Selectable Track to Track Stepping Time 
Side Select Compare 
C] SYSTEM COMPATIBILITY 
Double Buffering of Data 8 Bit Bi-Directional Bus for 
Data, Control and Status 
DMA or Programmed Data Transfers 
All Inputs and Outputs are TTL Compatible 
On-chip Track and Sector Registers/Comprehensive 
Status Information 
L] WRITE PRECOMPENSATION (MFM AND FM) 
L] SIDE SELECT LOGIC (FDC 1795, FDC 1797) 
L] WINDOW EXTENSION (IN MFM) 


[UPC FAMILY 


PIN CONFIGURATION 


“INVERTED BUS FOR FDC 1791, FDC 1792, FDC 1795 
**MUST BE LEFT OPEN FOR FDC 1792 and FDC 1794 


PACKAGE: 40 pin D.I.P. 





CL] INCORPORATES ENCODING/DECODING 
AND ADDRESS MARK CIRCUITRY 
C) COMPATIBLE WITH FD179X-02 
CL} COPLAMOS® n-CHANNEL MOS TECHNOLOGY 
C] COMPATIBLE WITH THE FDC 9216 FLOPPY DISK 
DATA SEPARATOR 


GENERAL DESCRIPTION 


The FDC 179X is an MOS/LSI device which performs the 
functions of a Floppy Disk Controller/Formatier in a 
single chip implementation. The basic FDC 179X chip 
design has evolved into six specific parts: FDC 1791, 
FDC 1792, FDC 1793, FDC 1794, FDC 1795, and the 
FDC 1797. 


This FDC family performs all the functions necessary 
to read or write data to any type of floppy disk drive. 
Both 8” and 5%” (mini-floppy) drives with single or 
double density storage capabilities are supported. 
These n-channel MOS/LSI devices will replace a large 
amount of discrete logic required for interfacing a host 
processor to a floppy disk. 


The FDC 1791 is IBM 3740 compatible in single density 
mode (FM) and System 34 compatible in double density 
mode (MFM). The FDC 1791 contains enhanced fea- 
tures necessary to read/write and format a double 


density diskette. These include address mark detection, 
FM and MFM encode and decode logic, window ex- 
tension, and write precompensation. 


The FDC 1793 is identical to the FDC 1791 except the 
DAL lines are TRUE for systems that utilize true 
data busses. 


The FDC 1792 operates in the single density mode only. 
Pin 37 (DDEN) of the FDC 1792 must be left open for 
proper operation. The FDC 1794 is identical to the 
FDC 1792 except the DAL lines are TRUE for systems 
that utilize true data busses. The FDC 1795 adds side 
select logic to the FDC 1791. The FDC 1797 adds the 
side select logic to the FDC 1793. 


The processor interface consists of an 8 bit bidirectional 
bus for data, status, and control word transfers. This 
family of controllers is configured to operate on 
multiplexed bus with other bus-oriented devices. 
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FDC 179X BLOCK DIAGRAM 


DATA OUT 
BUFFERS 


WRITE DATA 
(TO DISK) 






AM 
DETECTOR 
CRC LOGIC 

























COMPUTER CONTROL PLA CONTROL DISK 
INTERFACE CONTROL INTERFACE 
AO CONTROL (230 x 16) CONTROL 


DATA (8) 


1 


cereus 
ih = cal 
| 
| 
ae eee 
| om 
10K [ | 






BwmMacCVEQO. 


A 
cs 
WE 
FLOPPY DISK 
CONTROLLER/ 
FORMATTER 
+ 


5V 


m<-DO XH-O <DVOrN 






mor nymaZz— 


10K 


stro 


+5V 


SYSTEM BLOCK DIAGRAM — | iiss 


DRQ 
L 


ONE SHOT 
(IF USED) 


s +12 +5V 
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DESCRIPTION OF PIN FUNCTIONS 





PIN NO. NAME SYMBOL . FUNCTION 












































“NO CONNECTION NC . | This pin is internally connected to the substrate bias generator and 
: must be left open. 
GROUND . Vss | Ground 
POWER SUPPLY Vee +5V 
oe ae POWER SUPPLY Veo 
19 -MASTER RESET MR . -| A logic low on this input resets the device and loads HEX 03 into 


the command register. The Not Ready (Status Bit 7) is reset during 
MR ACTIVE. When MR is brought to a logic high a Restore 
Command is executed, regardless of the state of the Ready signal 
from the drive. Also, HEX-01 is loaded into the sector register. 








COMPUTER INTERFACE: 














WE A logic low on_this input gates data on the DAL into the selected 
register when CS is low. 


WRITE ENABLE 











cs A logic low on this input selects the chip and the parallel 
data bus (DAL). 


CHIP SELECT 















READ ENABLE RE A logic low on this input controls the placement of data from a 


selected register on DAL@-DAL7 when CS is low. 


AO, Al These inputs select the register to receive/transfer data on the DAL 
lines under RE and WE control: ae % 
Status Reg Command Reg 
Track Reg Track Reg 
Sector Reg Sector Reg 
, Data Reg Data Reg 


. DALO- | Eight bit Bidirectional bus used for transfer of data, control, and 
DAL7 status. This bus is a receiver enabled by WE or a transmitter 








REGISTER SELECT 
LINES 









DATA ACCESS LINES 






“enabled by RE. The Data Bus is inverted on the FDC 1791, FDC 1792 
and FDC 1795. BENE a Te 








~ CLOCK This input requires a free-running square wave clock for internal 


timing reference, 2 MHz for 8” drives, 1 MHz for 5%" drives. 




















DATA REQUEST This open drain output indicates that the DR contains assembled 
data in Read operations, or the DR is empty in Write operations. 

This signal is reset when serviced by the computer through reading 
or loading the DR in Read or Write operations, respectively. Use a 


10K pull-up resistor to +5V. 









INTERRUPT REQUEST This open drain output is set at the completion or termination 
of any operation and is reset when a new command .is loaded into 
the command register or the status register is read. Use a 10K 


pull-up resistar to + 5V. ; 










FLOPPY DISK INTERFACE: 





16 DIRECTION DIRC |. Direction Output is active high when stepping in. active low when 
stepping out. 


Indicates that the write data pulse occurring while Early is active 





(high) should be shifted early for write precompensation. 


18 LATE LATE Indicates that the write data pulse occurring while Late is active 
(high) should be shifted late for write precompensation. 


22 TEST TEST This input is used for testing purposes only and should be tied to 
+5V or left open by the user unless interfacing to voice coil 





actuated motors. 


23 HEAD LOAD TIMING HLT When a logic high is found on the HLT input the head is assumed 
to be engaged. 
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SYMBOL _ FUNCTION 
RG 


A high level on this output indicates to the data separator circuitry 
that a field of zeros (or ones) has been encountered. and is used 


for synchronization. 


SIDE SELECT OUTPUT The logic level of the Side Select Output is directly controlled by 
(1795, 1797) the ‘S’ flag in Type Il or Ill commands. When S=1, SSO is set to 
a logic 1. When S=0, SSO is set to a logic 0. The Side Select Output 
is only updated at the beginning of a Type II or Ill command. It is 





! forced to a logic 0 upon a MASTER RESET condition. 


t { | i i 
READ CLOCK RCLK A nominal square-wave clock signal derived from the data stream 
must be provided to this input. Phasing (i.e. RCLK transitions) 
relative to RAW READ is important but polarity (RCLK high or low) 
is not. 
27 RAW READ RAW The data input signal directly from the drive. This input shall be a 
READ negative pulse for each recorded flux transition. 
HEAD LOAD HLD The HLD output controls the loading of the Read-Write head 
against the media. — 
WG 





THAN 43 


between tracks 44-76. This output is valid only during Read and 


Write Commands. 


WRITE GATE This output is made valid before writing is to be performed 
on the diskette. 


TRACK GREATER This output informs the drive that the Read/Write head is positioned 














A 250 ns (MFM) or 500 ns (FM) pulse per flux transition. WD contains 
; the unique Address marks as well as data and clock in both FM and 


31 WRITE DATA WD 
MEM formats. 


READY READY | This input indicates disk readiness and is sampled for a logic high 
before Read or Write commands are performed. If Ready is low the 
Read or Write operation is not performed and an interrupt is 
generated. Type | operations are performed regardless of the state 
of Ready. The Ready input appears in inverted format as Status 
Register bit 7. 


——— —————— 


33 WRITE FAULT/ WEF/VFOE | This is a bi-directional signal used to signify writing faults at the 
VFO ENABLE drive, and to enable the external PLO data separator. When WG~1, 


Pin 33 functions as a WF input. if WF=0, any write command will 
immediately be terminated. When WG=0, Pin 33 functions as a 
VFOE output. VFOE will go low during a read operation after the 
head has loaded and settled (HLT=1). On the 1795/7, it will remain 
low until the last bit of the second CRC byte in the ID field. VFOE 
will then go high until 8 bytes (MFM) or 4 bytes (FM) before the 
Address Mark. It will then go active until the last bit of the second 
CRC byte of the Data Field. On the 1791/3, VFOE will remain low 
until the end of the Data Field. 


34 | TRACK 00 TROO This input informs the FDC179X that the Read/Write head is 
positioned over Track 00. 

35 INDEX PULSE This input informs the FDC179X when the index hole is encountered 
on the diskette. 

36 WPRT 


This input is sampied whenever a Write Command is received. 
‘ logic low terminates the command and sets the Write Protect 
tatus bit. 








WRITE PROTECT 





DOUBLE DENSITY This pin selects either single or double density operation. When 


DDEN=0, double density is selected. When DDEN=1, single 
density is selected. This line must be left open on the 1792/4. 
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FUNCTIONAL DESCRIPTION 


The FDC 179X-02 major functional blocks are as follows: 


Data Shift Register — This 8-bit register assembles serial 
data from the Read Data input (RAW READ) during 
Read operations and transfers serial data to the Write 
Data output during Write operations. 

Data Register — This 8-bit register is used as a holding 
register during Disk Read and Write operations. In Disk 
Read operations the assembled data byte is transferred 


in. parallel to the Data Register from the Data Shift- 


Register. In Disk Write operations information is trans- 
ferred in parallel from the Data Register to the Data 
Shift Register. 


When executing the Seek command the Data Register 
holds the address of the desired Track position. This 
register is loaded from the DAL and gated onto the DAL 
under processor control. 


Sector Register (SR)— This 8-bit register holds the 
address of the desired sector position. The contents 
of the register are compared with the recorded sector 
number in the ID field during disk Read or Write opera- 
tions. The Sector Register contents can be loaded from 
or transferred to the DAL. This register should not be 
loaded when the device is busy. 


Command Register (CR) — This 8-bit register.holds the 
command presently being executed. This register should 
not be loaded when the device is busy unless the new 
command is a Force Interrupt. The command register 
can be loaded from the DAL, but not read onto the DAL. 
Status Register (STR) — This 8-bit register holds device 
Status information. The meaning of the Status bits is a 
function of the type of command previously executed. 


This register can be read onto the DAL, but not loaded 
from the DAL. 


CRC Logic— This logic is used to check or to generate 
the 16-bit Cyclic Redundancy Check (CRC). The poly- 
nomial is: G(x) =x'®+x'?+x5+1. 

Track Register— This 8-bit register holds the track 
number of the current Read/Write head position. It is 
incremented by. one every time the head stepped in 


_(towards track 76)-and-decremented-by-one when the- 


head is stepped out (towards track 00). The contents 
of the register are compared with the recorded -track 
number in the ID field during disk Read, Write, and 
Verify operations. The Track Register can be loaded 
from or transferred to the DAL. This Register should not 
be loaded when the device is busy. 


The CRC includes all information starting with the 
address .mark and up to the CRC characters. The CRC 
register is preset to ones prior to data being shifted 
through the circuit. 


Arithmetic/Logic Unit (ALU)—The ALU is a serial 
comparator, incrementer, and decrementer and is used 
for register modification and comparisons with the disk 
recorded ID field. 


Timing and Control— All computer and Floppy Disk 
Interface controls are generated through this logic. The 
internal device timing is generated from an external 
crystal clock. 

AM Detector—The address mark detector detects ID, 
data and index address marks during ready and 
write operations. 


NN i I Se) 
OPERATION 


FDC 1791, FDC 1793, FDC 1795 and FDC 1797 have two 
modes of operation according to the state of DDEN 
(Pin 37). When DDEN=1, single density is selected. In 
either case, the CLK input (Pin 24) is at 2 MHz. However, 
when interfacing with the mini-floppy, the CLK input is 
set at 1 MHz for both single density and double density. 
When the clock is at 2 MHz, the stepping rates of 3, 6, 10, 
and 15 ms are obtainable. When CLK equals 1 MHz these 
times are doubled. 


DDEN must be left open for the FDC 1792 and FDC 1794. 


Disk Read Operation 


Sector lengths of 128, 256, 512 or 1024 are obtainable 
in either FM or MFM formats. For FM, DDEN should be 
placed to logical “1.” For MFM formats, DDEN should 
be placed to a logical “0.” Sector lengths are determined 
at format time by a special byte in the “ID” field. If this 
Sector length byte in the ID field is zero, then the sector 
length is 128 bytes. If 01 then 256 bytes. If 02, then 
512 bytes. If 03, then the sector length is 1024 bytes. 
The number of sectors per track can be from 1 to 255 
sectors. The number of tracks is from 0 to 255 tracks. 
For read operations, the FDC 179X requires RAW READ 
Data (Pin 27) signal which is a 250 ns pulse per flux 
transition and a Read clock (RCLK) signal to indicate 
flux transition spacings. The RCLK (Pin 26) signal is 





provided by some drives but if not, it may be derived 
externally by Phase lock loops, one shots, or counter 
techniques. In addition, a Read Gate Signal is provided 
as an output (Pin 25) which can be used to inform phase 
lock loops when to acquire synchronization. When 
reading from the media in FM, RG is made true when 
2 bytes of zeroes are detected. The FDC179X must find 
an address mark within the next 10 bytes; otherwise RG 
is reset and the search for 2 bytes of zeroes begins all 
over again. If an address mark is found within 10 bytes, 
RG remains true as long as the FDC179xX is deriving any 
useful information from the data stream. Similarly for 
MFM, RG is made active when 4 bytes of “00” or “FF” are 
detected. The FDC179X must find an address mark 
within the next 16 bytes, otherwise RG is reset and 
search resumes. . 
During read operations (WG=0), the VFOE (Pin 33) is 
provided for phase lock loop synchronization. VFOE 
will go active when: 

a) Both HLT and HLD are True 

b) Settling Time, if programmed, has expired 

c) The 179X is inspecting data off the disk 
If WF/VFOE is not used, leave open or tie to a 10K 
resistor to +5. 


On Disk Read operations the Data Request is activated 
(set high) when an assembled serial input byte is 
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transferred in parallel to the Data Register. This bit 
is cleared when the Data Register is read by the pro- 
cessor. If the Data Register is read after one or more 
characters are lost by having new data transferred into 
the register prior to processor readout, the Lost Data bit 
is set in the Status Register. The Read operation con- 


tiniina amtit tha and af cactar ic raarhand 
ROE RRA Ares RAP DADE Rhee wee we wwe! re eee ee 


Disk Write Operation 


When writing is to take place on the diskette the Write 
Gate (WG) output is activated, allowing current to flow 
into the Read/Write head. As a precaution against 
erroneous writing the first data byte must be loaded into 
the Data Register in response to a Data Request from the 
FDC179X before the Write Gate signal can be activated. 


Writing is inhibited when the Write Protect input is a 
logic low, in which case any Write command is immedi- 
ately terminated, an interrupt is generated and the Write 
Protect status bit is set. The Write Fauit input, when 
activated, signifies a writing fault condition detected 
in disk drive electronics such as failure to detect write 
current flow when the Write Gate is activated. On detec- 
tion of this fault the FDC179X terminates the current 
command, and sets the Write Fault bit (bit 5) in the Status 
Word. The Write Fault input should be made inactive 
when the Write Gate output becomes inactive. 


For write operations, the FDC179X provides Write Gate 
(Pin 30) and Write Data (Pin 31) outputs. Write data 
consists of a series of 500 ns pulses in FM (ODDEN=1) 


and 250 ns pulses in MFM (DDEN=0). Write Data pro- 
vides the unique address marks in both formats. 


Also during write, two additional signals are provided 
for write precompensation. These are EARLY (Pin 17) 
and LATE (Pin 18). EARLY is active true when the WD 
pulse appearing on (Pin 30) is to be written early. LATE 


ab. LAIT shan ead 
is active tr us wren LIt WE puss iS io wo Wiring LAL Cc. 


If both EARLY and LATE are low when the WD pulse is 
present, the WD pulse is to be written at nominal. Since 
write precompensation values vary from disk manu- 
facturer to disk manufacturer, the actual value is 
determined by several one shots or celay lines which are 
located external to the FDC179X. The write precompen- 
sation signals EARLY and LATE are valid for the duration 
of WD in both FM and MFM formats. 


On Disk Write operations the Data Request is activated 
when the Data Register transfers its contents to the 
Data Shift Register, and requires a new data byte. It is 
reset when the Data Register is loaded with new data by 
the processor. If new data is not loaded at the time the 
next serial byte is required by the Floppy Disk, a byte 
of zeroes is written on the diskette and the Lost Data 
bit is set in the Status Register. 


At the completion of every command an INTRQ is 
generated. INTRQ is reset by either reading the status 
register or by loading the command register with a new 
command. In addition, INTRQ is generated if a Force 
Interrupt command condition is met. 


COMMAND WORDS 


The FDC179xX will accept eleven commands. Command 
words should only be loaded in the Command Register 
when the Busy status bit is off (Status bit 0). The one 
exception is the Force Interrupt command. Whenever 
a command is being executed, the Busy status bit is set. 
When a command is completed, an interrupt is gener- 
ated and the Busy status bit is reset. The Status Register 
indicates whether the completed command encountered 
an error or was fault free. For ease of discussion, 
commands are divided into four types. Commands and 
types are summarized in Table 1. 


Table 1. Command Summary 


Read Sector 
Write Sector 
Read Address 


"MM mMmMm<K KKK <|h 


0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
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Type | Commands 


The Type | Commands are Restore, Seek, Step, Step-In, 
and Step-Out. Each of the Type | Commands contains a 
rate field (rors), which determines the stepping motor 
rate as defined in Table 2. 


The Type | Commands contain a head load flag (h) which 
determines if the head is to be loaded at the beginning 
of the command. If h=1, the head is loaded at the 
beginning of the command (HLD output is made active). 
If h=0, HLD is deactivated. Once the head is loaded, 
the head will remain engaged until the FDC 179X receives 
a command that specifically disengages the head. If 
the FDC179X is idle (busy=0) for 15 revolutions of the 
disk, the head wiii be automaticaiiy disengaged (HLD 
made inactive). 

The Type | Commands also contain a verification (V) 
flag which determines if a verification operation is to 
take place on the destination track. If V=1, a verification 
is performed, if V=O, no verification is performed. 


During verification, the head is loaded and after an 
internal 15 ms delay, the HLT input is sampled. When 
HLT is active (logic true), the first encountered ID field 
if read off the disk. The track address of the ID field is 
then compared to the Track Register; if there is a match 
and a valid 1D CRC, the verification is complete, an 
interrupt is generated and the Busy status bit is reset. If 
there is not a match but there is valid ID CRC, an interrupt 


is generated, and Seek Error Status bit (Status bit 4) is 
set and the Busy status bit is reset. If there is a match but 
not a valid CRC, the CRC error status bit is set (Status 
bit 3), and the next encountered ID field is read from the 
disk for the verification operation. If an ID field with a 
valid CRC cannot be found after four revolutions of the 
disk, the FDC179X terminates the operation and sends 
an interrupt (INTRQ). 


The Step, Step-in, and Step-Out commands contain an 
Update flag (u). When u=1, the track register is updated 


by one for each Step. When t u= = 0; the track ‘register | is 


On the FDC 1795/7 devices, the SSO output is not 
affected during Type 1 commands, and an internal side 
compare does not take place when the. (V) Verify Flag 
is on. 


Restore (Seek Track 0) 


Upon receipt of this command the Track 00 (TROO) 
input is sampled. if TROO is active low indicating the 
Read-Write head is positioned over track 0, the Track 
Register is loaded with zeroes and an interrupt is gener- 
ated. If TROO is not active low, stepping pulses (pins 15 
to 16) at a rate specified by the riro field are issued until 
the TROO input is activated. At this time the Track 
Register is loaded with zeroes and an interrupt is gener- 
ated. If the TROO input does not go active low after 255 
stepping pulses, the FDC179X terminates operation, 
interrupts, and sets the Seek error status bit. A verification 
operation takes place if the V flag is set. The h bit allows 
the head to be loaded at the start of command. Note that 
the Restore command is executed when MR goes from 
an active to an inactive state. 


Seek 


This command assumes that the Track Register contains 
the track number of the current position of the Read- 
Write head and the Data Register contains the desired 
track number. The FDC179X will update the Track 
register and issue stepping pulses in the appropriate 
direction until the contents of the Track register are 
equal to the contents of the Data Register (the desired 
track location). A verification operation takes place if the 
V flag is on. The h bit allows the head to be loaded at the 
start of the command. An interrupt is generated at the 
completion of the command. 


Step 


Upon receipt of this command, the FDC179X issues one 
stepping pulse to the disk drive. The stepping motor 
direction is the same as in the previous step command. 
After a delay determined by the riro field, a verification 
takes place if the V flag is on. If the u flag is on, the Track 
Register is updated. The h bit allows the head to be 
loaded at the start of the command. An interrupt is 
generated at the completion of the command. 


Step-In 


Upon receipt of this command, the FDC179X issues one 
stepping pulse in the direction towards track 76. If the 
u flag is on, the Track Register is incremented by one. 
After a delay determined by the riro field, a verification 
takes place if the V flag is on. The h bit allows the head to 
be loaded at the start of the command. An interrupt is 
generated at the completion of the command. 


Step-Out 


Upon receipt of this command, the FDC179X issues one 
stepping pulse in the direction towards track 0. If the 
u flag is on, the Track Register is decremented by one. 
After a delay determined by the riro field, a verification 
takes place if the V flag is on. The h bit allows the head to 
be loaded at the start of command. An interrupt is 
generated at the completion of the command. 


Head Positioning 
The period of each positioning step is specified by the 





“7 field in bits T and 0 of the command word. After the 


last directional step an additional 15 milliseconds of 
head settling time takes place if the Verify flag is set in 
Type | commands. Note that this time doubles to 30 ms 
for a 1 MHz clock. If TEST=O, there is zero settling time. 
There is also a 15 ms head settling time if the E flag is set 
in any Type II or Ill command. 


The rates (shown in Table 2) can be applied to a Step- 
Direction Motor through the device interface. 


Step— A 2 ys (MFM) or 4 us (FM) pulse is provided as an 
output to the drive. For every step pulse issued, the 
drive moves one track location in a direction determined 
by the direction output. 


Direction (DIRC)— The Direction signal is active high 
when stepping in and low when stepping out. The Direc- 
tion signal is valid 12 us before the first stepping pulse 
is generated. 


When a Seek, Step or Restore command is executed an 
optional verification of Read-Write head position can be 
performed by setting bit 2 (V=1) in the command word 
to a logic 1. The verification operation begins at the end 
of the 15 millisecond settling time after the head is 
loaded against the media. The track number from the 
first encountered ID Field is compared against the 
contents of the Track Register. If the track numbers 
compare and the ID Field Cyclic Redundancy Check 
(CRC) is correct, the verify operation is complete and an 
INTRQ is generated with no errors. The FDC179X must 
find an ID field with correct track number and correct 
CRC within 5 revolutions of the media; otherwise the 
seek error is set and an INTRQ is generated. 





Table 2. Stepping Rates 


CLK: 2MHz 2MHz 1MHz %1MHz 2MHz~= 1 MHz 


DDEN: 0 1 0 1 X X 
tm fo TEST=1 TEST=1 TEST=1 TEST=1 TEST=0 TEST=0 


3 ms 6 ms 6ms 1844s 368us 
6ms 12ms 12ms  190us 380us 
10ms 20ms 20ms 198 3965 
15ms 30ms 30ms 208s 416ps 





The Head Load (HLD) output controls the movement of 
the read/write head against the media. HLD is activated 
at the beginning of a Type | command if the h flag is 
set (h=1), at the end of the Type | command if the verify 
flag (V=1), or upon receipt of any Type Il or Ill command. 
Once HLD is active it remains active until either a Type | 
command is received with (h=0 and V=0); or if the 
FDC179X is in an idle state (non-busy) and 15 index 
pulses have occurred. 

Head Load Timing (HLT) is an input to the FDC179X 
which is used for the head engage time. When HLT=1, 
the FDC179X assumes the head is completely engaged. 
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The head engage time is typically 30 to 100 ms depend- 
ing on drive. The low to high transition on HLD is 
typically used to fire a one shot. The output of the one 
shot is then used for HLT and supplied as an input to 
the FDC179X. 


}e—50 TO 100mS —w 


+--+ 


HLT (FROM ONE SHOT) 


Head Load Timing 


When both HLD and HLT are true, the FDC179X will then 
read from or write to the media. The “and” of HLD and 
HLT appears as a status bit in Type | status. 


TYPE | COMMANDS FLAG SUMMARY 


h=Head Load Flag (Bit 3) 
h=1, Load head at beginning 


h=0, Unload head at beginning 
V= Verify flag (Bit 2) 
V=1, Verify on destination track 
V=0, No verify 
r1fo= Stepping motor rate (Bits 1-0) 
Refer to Table 2 for rate summary 
u= Update flag (Bit 4) 


u=1, Update Track register 
u=0, No update 













Type Il Commands 


The Type Il Commands are the Read Sector and Write 
Sector commands. Prior to loading the Type Il Command 
into the Command Register, the system must load the 
Sector Register with the desired sector number. Upon 
receipt of the Type Il command, the busy status Bit is 
set. If the E flag=1 (this is the normal case) HLD is made 
active and HLT is sampled until true after a 15 msec delay. 
If the E flag is 0, HLD is made active and HLT is sampled 
with no delay until true. The ID field and Data Field 
format are shown below. 

When an ID field is located on the disk, the FDC179X 
compares the Track Number on the ID field with the 
Track Register. If there is not a match, the next encountered 
ID field is read and a comparison is again made. If there 





is amatch, the Sector Number of the ID field is compared 
with the Sector Register. If there is not a Sector match, 
the next encountered !D field is read off the disk and 
comparisons again made. If the ID field CRC is correct, 
the data field is then located and will be either written 
into, or read from depending upon the command. The 
FDC179X must find an ID field with a Track number, 
Sector number, side number, and CRC within four 
revolutions of the disk; otherwise, the Record not found 
status bit is set (Status bit 3) and the command is ter- 
minated with an interrupt. 

Each of the Type |! Commands contains an (m) flag 
which determines if multiple records (sectors) are to be 
read or written, depending upon the command. If m=O, 
a single sector is read or written and an interrupt is 
generated at the completion of the command. If m=1, 
multiple records are read or written with the sector 
register internally updated so that an address verification 
can occur on the next record. The FDC179X will read 
or write multiple records starting with the sector presently 
in the sector register. The FDC 179X will continue to read 
or write multiple records and update the sector register 
until the sector register exceeds the number of sectors 
on the track or until the Force Interrupt command is 
loaded into the Command Register, which terminates 
the command and generates an interrupt. 


If the Sector Register exceeds the number of sectors on 
the track, the Record-Not-Found status bit will be set. 


The Type !! commands also contain side select compare 
flags. When C=0, no side comparison is made. When 
C=1, the LSB of the side number is read off the ID 
Field of the disk and compared with the contents of 
the (S) flag. If the S flag compares with the side number 
recorded in the ID field, the 179X continues with the ID 
search. If a comparison is not made within 5 index 
pulses, the interrupt line is made active and the Record- 
Not-Found status bit is set. 


The FDC1795/7 READ SECTOR and WRITE SECTOR 
commands include a ‘b’ flag. The ‘b’ flag, in conjunction 
with the sector length byte of the ID Field, allows different 
byte lengths to be implemented in each sector. For IBM 
compatability, the ‘b’ flag should be set to a one. The 
‘s’ flag allows direct control over the SSO Line (Pin 25) 
and is set or reset at the beginning of the command, 
dependent upon the value of this flag. 


Sector Length Table (1791/2/3/4 only) 


Sector Length Number of Bytes 
Fieid (hex) in Sector (decimal) 





Field Format 





iD FIELD 


GAP| ID | TRACK SIDE SECTOR | SECTOR | CRC} CRC | GAP} DATA CRC 
iil | AM | NUMBER | NUMBER| NUMBER | LENGTH] 1 2 it | AM | DATA FIELD | 1 


2 





DATA FIELD 


In MFM only, IDAM and DATA AM are preceded by three bytes of A1 with clock transition between bits 4 and 5 missing. 


Read Sector - 


Upon receipt of the Read Sector command, the head is 
loaded, the Busy status bit set, and when an ID field 
is encountered that has the correct track number, 
correct sector number, correct side number, and correct 
CRC, the data field is presented to the computer. The 
Data Address Mark of the data field must be found within 
30 bytes in single density and 43 bytes in double density 
of the last ID field CRC byte; if not, the Record-Not- 
Found status bit is set and the operation is terminated. 


Write Sector 


Upon receipt of the Write Sector command, the head 
is loaded (HLD active) and the Busy status bit is set. 
When an ID field is encountered that has the correct 
track number, correct sector number, correct side 
number, and correct CRC, a DRQ is generated. The 
FDC179X counts off 11 bytes in single density and 22 


_ bytes in double density from the CRC field and the Write 


Gate (WG) output is made active if the DRQ is serviced 
(i.e., the DR has been loaded by the computer). If DRQ 
has not been serviced, the command is terminated and 





_When the first.character or byte of the data field has _ 


been shifted through the DSR, it is transferred to the DR, 
and DRQ is generated. When the next byte is accumu- 
lated in the DSR, it is transferred to the DR and another 
DRQ is generated. If the Computer has not read the 
previous contents of the’DR before a new character is 
transferred that character is lost and the Lost Data 
Status bit is set. This sequence continues until the com- 
plete data field has been inputted to the computer. If 
there is a CRC error at the end of the data field, the 
CRC error status bit is set, and the command is termi- 
nated (even if it is a multiple record command). 

At the end of the Read operation, the type of Data 
Address Mark encountered in the data field is recorded 
in the Status Register (Bit 5) as shown below: 


STATUS 
BIT 5 
1 Deleted Data Mark 
0 Data Mark 


| 
7 {6 {5|4/3{2]1|0| COMMAND 


10 | 
1 |o]0|m]F2|e|F:/0 | READ SECTOR | 
1 {o]t|mjFele|Fijao] WRITE SECTOR, 


DATA ADDRESS MARK (ao) 


F, (1791/3) SIDE COMPARE FLAG (C)- 


' “the Lost Data status bit is Set. lf the DRQ has been ser-" 


viced, the WG is made active and six bytes of zeros in 
single density and 12 bytes in double density are then 
written on the disk. At this time the Data Address Mark 
is then written on the disk as determined by the ao field 


. of the command as shown below: 


ao Data Address Mark (Bit 0) 
1 Deleted Data Mark . 
0 ‘Data Mark 


The FDC179X then writes the data field and generates 
DRQ’s to the computer. If the DRQ is not serviced in 
time for continuous writing the Lost Data Status Bit is 
set and a byte of zeros is written on the disk. The com- 
mand is not terminated. After the last data byte has been 
written on the disk, the two-byte CRC is computed 
internally and written on the disk followed by one byte 
of logic ones in FM or in MFM. The WG output is 
then deactivated. 


0=Write hex FB (data) into Data Address Mark field 
1=Write hex F8 (deleted data) into Data AM field 


0=Side number not tested 
1=Side number tested 


Update SSO to 0 


F; (1795/7) SIDE SELECT FLAG (S) {v2 ae ee 


No delay between HLD activation and HLT Sampling 
DELAY (E) ee ms delay between HLD activating and HLT Sampling 


F2 (1791/3) SIDE SELECT FLAG (S) ae 


Fe (1795/7) SECTOR LENGTH FLAG (b)} 5 


MULTIPLE SECTORS (m) 


=Compare for side 0 
1=Compare for side 1 


Sector Length Field 

00 01 10 11 
as 256 512 1024 128 

128 256 512 1024 


0=Read (or Write) Single Sectors 
1=Read (or Write) Multiple Sectors 


Figure 1. Type Il and Ill Flag Summary 
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Type Ill Commands 

There are three Type. II Commands: 

e READ ADDRESS— Read the next ID field (6 bytes) 
into the FDC. ; 

e READ TRACK—Read all bytes of the entire track, 
inciuding gaps. 

e WRITE TRACK—Write all bytes to the entire track, 
including gaps. 

Read Address . 

Upon receipt of the Read Address command, the head is 

loaded and the Busy Status Bit is set. The next en- 

countered ID field is then read in from the disk, and the 

six data bytes of the ID field are assembled and trans- 

ferred to the DR, and a DRQ is generated for each byte. 

The six bytes of the ID field are shown below: 


TRACK SIDE SECTOR SECTOR | CRC} CRC 
ADDR NUMBER | ADDRESS | LENGTH 1 2 


Although the CRC characters are transferred to the 
computer, the FDC179X checks for validity and the CRC 









oe af s 


error Status bit is set if there is a CRC error. The Track 
Address of the !D field is written into the sector register. 
At the end of the operation an interrupt is generated and 
the Busy Status is reset. . 


Read Track 


Upon receipt of the Read Track command. the head is 
loaded and the Busy Status bit is set. Reading starts 
with the leading edge of the first encountered index 
pulse and continues until the next index pulse. As each 
byte is assembled it is transferred to the Data Register 
and the Data Request is generated for each byte. No 
CRC checking is performed. Gaps are included in the 


input data stream. The accumulation of bytes is synchro- 


nized to each Address Mark encountered. Upon com- 


-pletion of the command, the interrupt.is activated. RG 


is not activated during the Read Track.Command. An 
internal side compare is not performed during a 
Read Track. 


Write Track 


Upon receipt of the Write Track command, the head is 
loaded and the Busy Status bit is set. Writing starts 
with the leading edge of the first encountered index 
pulse and continues until the next index pulse, at which 


-- COMPLETE SECTOR — 


“NO. c2 | Fc '0 DATA | GAP ID pata | car (¢ CAST 
SYNC FIELD 1 FIELD 1 3 FIELD 2 FIELD 2 | 3 HELO 


// \ 


CRC | CRC DATA | DATA 


INDEX DETECTED J 
INDEX AM 
DR=F6 WRITE 
3 TIMES MFM ONLY 


TRACK SIDE SECTOR | SECTOR 
NUMBER | NUMBER.{ NUMBER | LENGTH 


ere 


TRACK NUMBERS: 00-4A 


SINGLE SIDED: . NUMBER=00 7 
DOUBLE SIDED, SIDE 0=00 
DOUBLE SIDED, SIDE 1=01 


BYTES/SECTOR 
SECTOR NO. —M MFM 


*DR=FS WRITE 3 TIMES MFM ONLY - 


2 BYTE CRC 
WRITTEN 
DOR=FB DR=F7 

=—_ - 


2 BYTES CRC WRITTEN 
DR=F7 





SECTOR LENGTH 


OO= 128 
O1= 256 
O2= 512 
03= 1024 


Figure 2. IBM Compatible Sector/Track Format 





time the interrupt is activated. The Data Request is 
activated immediately upon receiving the command, 
but writing will not start until after the first byte has been 


loaded into the Data Register. If the DR has not been — 


loaded by the time the index pulse is encountered the 
operation is terminated making the device Not Busy, the 
Lost Data Status Bit is set, and the Interrupt is activated. 
If a byte is not present in the DR when needed, a byte of 
zeros is substituted. Address Marks and CRC characters 
are written on the disk by detecting certain data byte 
patterns in the outgoing data stream as shown in the 


Type IV Commands 


Force Interrupt is the only Type IV command. This 
command permits the MPU to terminate (abort) any 
command ‘in progress. Figure 3 tabulates the type?! IV 
command option bits. 

The four bits, lo-ls, are used to select the condition of the 
interrupt occurrence. Regardless of which bit is set, any 
command currently being executed is immediately 


-. terminated and the Busy status bit is cleared, indicating 


“Not Busy”. Then, when the condition is met, .INTRQ 


-table-below.. The-CRC-generator is initialized-when-any—-—-goes_high, causing the required interrupt... Eanes 


data byte from F8 to FE is about to be transferred from 
the DR to the DSR in FM or by receipt of F5 in MFM. 


Disk formatting (initialization) is accomplished by the 
Write Track command. Each byte for the entire track 
must be provided for proper formatting. This includes 
gap as well as data bytes. 


The sequence required to format é diskette begins with 
positioning the Read/Write head at the desired track. 
Once this has been done, it is necessary to perform a 
Write Track command to store all the information on a 
track. The Write Track command uses DRQ to request 
each byte from the system MPU, starting with the byte at 
the beginning of the physical Index Pulse and ending 
with the last gap bytes at the end of the track. Figure 2 
iNustrates the IBM standard for track formatting. 


Normally, each data byte stored on the diskette must 
‘be generated by the system MPU and passed into the 
‘FDC Data Register. However, there are exceptions to 
this rule. If a data byte of hex F5 through FE is entered 
into the Data Register, then the FDC recognizes this as 
an AM with missing clocks or CRC generation code. 
Consequently, F5 through FE must not be used in gaps, 
data fields, or ID fields, as this will disrupt normal opera- 
tion of the FDC during formatting. 


COMMAND 
FORCE INTERRUPT 


READY TRANSITION 


- NOT-READY TRANSITION~{ $ 


INDEX PULSE 


IMMEDIATE 


O=No effect 
1=Forces INTRQ immediately 


If Io-l3 are all “O”, no interrupt occurs, but any reuiiently 
executing command is immediately terminated. If more 
than one condition is selected, then the interrupt occurs 
when any of the conditions is met. 


To clear the interrupt, it is necessary to read the Status 


’ Register or to write the Command Register. An exception, 


however, is for ls= 1 (Immediate Interrupt). For this case, 
the interrupt is cleared with another Force Interrupt 
command with lo-ls all low. 


Status Register . 


The Status Register permits the MPU to monitor a variety 
of conditions in the FDC. For each command, the 
individual status bits have their own meaning. When a 
command is initiated (except for the Force Interrupt 
command), the Busy status bit is set and the others are 


cleared or updated. If the Force Interrupt command is . 


entered when another command is in-progress, the 
Busy status bit is cleared, but the others remain 
unaffected. However, if the Force Interrupt command 
is initiated when there is not another command in pro- 
gress, the other status bits are cleared or updated and 


' represent the Type | Command status. Figure 4 illustrates 


the meaning of the status bits for each command. 


O=No effect 
1=Forces INTRQ when READY jut goes low-to-high 


O=No effect 7 
1=Forces INTRQ when READY input goes high-to-low 


O=No Effect 
1=Forces INTRQ on next INDEX pulse input 


Figure 3. Force interrupt Command Flags 
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Figure 4A. Status Register Summary 











ES A I I Terese, (a ees ey en es ee ee ee 
Not Ready | Write Protect CRC Error | Track | Index | Busy | 
Not Ready 0 Record Type | Rec not Found | CRC Error Lost Data 
WRITE SECTOR __| Not Ready |. Write Protect | Write Fault | Rec not Found | CRC Error | LostData | DRQ | Busy | 
READ ADDRESS _| NotReady | =o | | «Rec not Found | CRC Error | LostData | DRQ | Busy | 
READ TRACK NotReay | oo | | TT tost Data | DRQ | Busy | 
Not Ready | Write Protect [| writeFaut | = 0 = | ~~ 0 ~~ Lost Data | DRQ | Busy | 

































Figure 4B. Status Description for Type | Commands - 


BIT] NAME | MEANING 


NOT READY ‘This bit when set indicates the drive is not ready. When reset it indicates that the drive is 


ready. This bit is an inverted copy of the Ready input and logically ‘ored’ with MR. 
PROTECTED When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT input. 


HEAD LOADED When set, it indicates the head is loaded and engaged. This bit is a logical “and” of HLD 
and HLT signals. 













” 










SEEK ERROR When set, the desired track was not verified. This bit is reset to 0 when updated. 
CRC ERROR CRC encountered in ID fieid. 


TRACK 00 When set, indicates Read/Write head is positioned to Track 0. This bit is an inverted copy 


ie 





of the TROO input. 


When set, indicates index mark detected from drive. This bit is an inverted copy of the 
AP input. 


so | BUSY When set command is in progress. When reset no command is in progress. 
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Figure 4C. Status Description for Type Il and lil Commands 



















BIT] NAME 
This bit when set indicates the drive is not ready. When reset, it indicates that the drive 
is ready. This bit is an inverted copy of the Ready input and ‘ored’ with MR. The Type I 


S7 | NOT READY 
and II! Commands will not execute unless the drive is ready. 


a WRITE PROTECT| On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a Write 
$5 







Protect. This bit is reset when updated. 


On Read Record: it indicates the record-type code from data fieid address mark. 
1=Deleted Data Mark. O=Data Mark. On any Write: It indicates a Write Fault. This bit is 
reset when updated. 


RECORD NOT When set, it indicates that the desired track, sector, or side were not found. This bitis reset 
FOUND (RNF) when updated. 
CRC ERROR If S4 is set, an error is found in one or more ID fields; otherwise it indicates error in data 
field. This bit is reset when updated. 
LOST DATA When set, it indicates the computer did not respond to DRQ in one byte time. This bit is 
reset to zero when updated. 
DATA REQUEST | This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read Operation 
so 











RECORD TYPE/ 
WRITE FAULT 








or the DR is empty on a Write operation. This bit is reset to zero when updated. 
When set, command is under execution. When reset, no command is under execution. 
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Write Data Timing: 


PARAMETER SYMBOL | MIN. | TYP. | MAX. | UNITS CONDITIONS 
Write Data Pulse Width 


Write Gate to Write Data 


Write data cyle Time 
Early (Late) to Write Data 








“| Early (Late) From 
Write Data 
Write Gate off from WD — 


WD Valid to Clk CLK=1 MHZ 


CLK=2 MHZ 
WD Valid after Clk CLK=1 MHZ 


CLK=2 MHZ 





These values are doubled when CLK=1 MHz. 


Write Data Timing 
WRITE GATE | ; 


tg Ke Tee —| Twp hee] ow 
WRITE DATA ae [ [ 


wee 


EARLY OR LATE 
(IF ON) | f | 
+ ns ~~ 
CLK 
(1MHZ) ON een ule |, 
Two —| | 
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oon 


WRITE DATA/CLOCK RELATIONSHIP 
(DDEN=0) 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range .......... ccc ccc e cece eee eee e etna ee nee etna teeeeees 0°C to +70°C 
Storage Temperature Range ...............0e0000ee Bay Geeta tras to ld race uaa ie Gnas preter —55°C to +150°C 
Lead Temperature (soldering, 10 SCC.) 21... . eee ccc ccc cece eter eee t eee t teen eeeeeeteeeeeeees +325°C 
Positive Voltage on any Pin, with respect to ground ............ ccc ccc cee cect nee e ee enesneeeteeees +15V 
Negative Voltage on any Pin, with respect to ground ............ fedalainas do 4 bubs Searle eee dates —0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device ai these or ai any Gitter CONGItION above those indicated in the anerational 
sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes 
or “glitches” on their outputs when the AC power is switched on and off. In addition, voltage transients on the 
AC power line may appear on the DC output. If this possibility exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vec=+5V+5%, Vop=+12V+5% unless otherwise noted) 


PARAMETER SYMBOL MIN TYP MAX UNIT COMMENTS 
DC CHARACTERISTICS 
input Voltage Levels 
Low Level, Vir 0.8 V 
High Level, Vin Vv 
Output Voltage Levels 
Low Level Vor 0.45 V lo=1.6 mA 
High Level Vox V lon=100 vA 
Output Leakage, Ito 10 LA Vout=Vop 
Input Leakage, In 10 LA Vin=Vop 
Output Capacitance 5 pf 
Input Capacitance 10 pf 
Power Dissipation 500 mw 
AC CHARACTERISTICS 
Processor Read Timing 
Address Setup Time ns Figure 5 
Address Hold Time ns Figure 5 
RE Pulse Width (C.=50pF) ns Figure 5 
DRQ Reset Time 500 ns Figure 5 
INTRQ Reset Time 500* | 3000* ns Figure 5 
Data Delay Time (C._=50pF) 350 ns Figure 5 
Data Hold Time (C.=50pF) 150 ns Figure 5 
Microprocessor Write Timing 
Address Setup Time ns Figure 6 
Address Hold Time ns Figure 6 
WE Pulse Width ns Figure 6 
DRQ Reset Time 500 ns Figure 6 
INTRQ Reset Time 500* ; 3000* ns Figure 6 
Data Setup Time ns Figure 6 
Data Hold Time ns Figure 6 
Disk Input Data Timing 
RAWREAD Pulse Width 200 ns Figure 7, See Note 
Clock Setup Time ns Figure 7 See Note 
Clock Hold Time for MFM ns Figure 7 
Clock Hold Time for FM ns Figure 7 
RAWREAD Cycle Time , ns 1800 ane C, mute 7 
7 us igure 
RCLK High Pulse Width 9* us Figure 7 
, i us Figure 7 
RCLK Low Pulse Width 9 US Figure 7 
, 2" us Figure 7 
RCLK Cycle Time 4* US Figure 7 
Miscellaneous Timing 
CLK Low Pulse Width tent 230 250 20000 ns Figure 8 
CLK High Pulse Width " teva vg 250 20000 ns Eaule 8 
: MF : US igure 8 
STEP Pulse Width EM tstp 4* - Figure 3 
DIRC Setup Time tor 12 LS Figure 8 
MR Pulse Width tur 50* Ls Figure 8 
iP Pulse Width tie 10° ys Figure 8 
WF Pulse Width twe 10° US Figure 8 
CLK Cycle Time [| _teve | 0.5* US Figure 8 


*: These Values are doubled when CLK=1 MHz. 








Figure 5. 


Microprocessor 


Read Timing 


Figure 6. 


Microprocessor 
Write Timing 


Figure 7. 
Disk Input 
Timing 


Figure 8. 
Miscellaneous 
Timing 


16us * (MFM) or 32us * (FM) 
=| Torn Cc 
DRQ 
Tira 


DALo— DAL; 


DRQ 


INTRQ 


Ca = 
AoAt 


RAWREAD 


Note: Pulse width on RAW READ (Pin 27) is normally 10-300 ns. However, pulse may be any width if pulse is entirely 
within window. If pulse occurs in both windows, then pulse width must be fess than 300 ns for MFM at CLK =2 MHz and 
600 ns for FM at 2 MHz. Times double for 1 MHz. 


STEP IN 


[stone j= Tsre 
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DISK FORMATS 





Disks may be formatted in IBM 3740 or System 34 
formats with sector lengths of 128, 256, 512, or 
1024 bytes. 


IBM 3740 Format 


This single-density (FM) format utilizes 128 bytes/ 
sector. The bytes to be generated by the system 


MPU for use in the execution of the Write Track 
command are chown in Fiqura O 


SUV Ht Tyg wv. H 


IBM System 34 Format 


This double-density (MFM) format utilizes 256 
bytes/sector. The bytes to be generated by the 
system MPU for use in the execution of the Write 
Track command are shown in Figure 10. 


Non-IBM Formats ONE 








COMMENTS | 






































Gap 5 
(Post Index) 


Writes C2 
Index AM 


Gap 1 


Writes A1 





iD AM 


Track Number 
(00-4C) 
Side Number 



























































, wastes : SECTOR 
Unique (non-IBM) formats are permissible provid- © (00 or 01) 
ing the following restrictions are understood. Sector Number 
(01-1A) 
e Sector length may only be 128, 256, 512, or Sector Length 
1024 bytes. (256 Bytes) 
. r Causes 2-Byte 
® Gap sizes must conform to Figure 11. one Gee 
: Written 
Gap 2 (ID Gap) 
DATA . 
BYTE COMMENTS Writes At 
Data AM 
(Post Index) Data Field 
00 Causes 2-Byte 
FC Index AM CRC to be 
FF Written 
Gap 1 Part of Gap 3 
00 (Data Gap) 
FE ID AM ea 4 
XX Track Number Figure 10. ere AES) 
(00-4C) Byte Sequence NOTES: 1. THIS PATTERN MUST BE 
| ox Side Number for IBM System-34 RESTTEN TMD DES 
(00 or 01) Formatting 2. CONTINUE WRITING HEX 
i XX Sector Number 4E UNTIL FDC COMPLETES 
| (01-1A) SEQUENCE AND GENERATES 
| 00 , Sector Length INTRQ INTERRUPT. 
ONE Api 
SECTOR F7 1 Causes 2-Byte 
CRC to be SINGLE DOUBLE 
® Written DENSITY DENSITY NOTE 
FF 11} Gap 2 (ID Gap) (FM) (MFM) 
wel ie TBbytesFF_| Tébytes4e | 2 _| 
FB 1 Data AM 11 bytes FF 22 bytes 4F 
: 6 bytes 00 12 bytes 00 
E5 128 Data Field 3 bytes Al 
Causes 2-Byte 
CRC to be f 10 bytes FF 16 bytes 4E 
Written 4 bytes 00 8 bytes 00 2 
Part of Gap 3 3 bytes Al 
(Data Gap) tebytesFF | 16bytes4e | 2 | 
Gap 4 NOTES: 1. THESE BYTES COUNTS ARE EXACT. 
Figure 9. (Pre index) 2. THESE BYTES COUNTS ARE MINIMUM 
B EXCEPT FOR 3 BYTES A1, WHICH IS EXACT. 
yte Sequence = Notes: 1. THIS PATTERN MUST BE 
for IBM 3740 WRITTEN 26 TIMES PER TRACK. Figure 11. Gap Size Limitations 
Formatting 2. CONTINUE WRITING HEX FF 


UNTIL FDC COMPLETES 
SEQUENCE AND GENERATES 
INTRQ INTERRUPT 


STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 


tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does nat convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS | FDC 9216 


LPC FAMILY 


Floppy Disk Data Separator 


FEATURES 4 ee PIN CONFIGURATION 
(1 PERFORMS COMPLETE DATA SEPARATION 
FUNCTION FOR FLOPPY DISK DRIVES. 


(] SEPARATES FM OR MFM ENCODED DATA 
FROM ANY MAGNETIC MEDIA 


L] ELIMINATES SEVERAL SS! AND | DSKD 
MSI DEVICES NORMALLY USED FOR 
DATA SEPARATION SEPCLK 


LINO CRITICAL ADJUSTMENTS REQUIRED REFCLK 
L] COMPATIBLE WITH STANDARD 


MICROSYSTEMS’ FDC 1791, FDC 1793 AND GND 
OTHER FLOPPY DISK CONTROLLERS 


CLISMALL 8-PIN DUAL-IN-LINE PACKAGE 
L1+5 VOLT ONLY POWER SUPPLY 
LI TTL COMPATIBLE INPUTS AND OUTPUTS 


GENERAL DESCRIPTION 


The Floppy Disk Data Separator provides a low cost package to save board real estate, the FDDS operates 
solution to the problem of converting a single stream of “,.on +5 volts only and is TTL compatible on all inputs 
pulses from a floppy disk drive into separate Clock and and outputs. 


Data inputs for a Floppy Disk Controller. The FDC 9216 is available in two versions; the FDC 9216, 
The FDDS consists primarily of a clock divider, a long- which is intended for 5%” disks and the FDC 9216B for 
term timing corrector, a short-term timing corrector, and 5%" and 8” disks. 

reclocking circuitry. Supplied in an 8-pin Dual-In-Line 


CLOCK 
DIVIDER 


DATA/CLOCK 
SEPARATION 
LOGIC 


EDGE 
DETECTION 
LOGIC 


FLOPPY DISK DATA SEPARATOR BLOCK DIAGRAM 
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DESCRIPTION OF PIN FUNCTIONS 





Disk sabe DSKD Data input signal direct from disk drive. Contains combined 
: clock and data waveform. 
2 Separated Clock SEPCLK Clock signal output from the FDDS derived from floppy 
disk drive serial bit stream. 
3 Reference Clock REFCLK Reference clock input 
4 Ground GND Ground - 
5,6 | Clock Divisor CDO, CDO0 and CD1 control the jateeciat clock divider circuit. The 


CDi internai ciock is a submuitipie of the REFCLK according to 


the following table: 

































CD1 CDO Divisor 
0 0 1 
0 1 2 
1 0 4 
. 1 1 8 
Separated Data SEPD is the data output of the FDDS 
+5 volt power supply 


Power Supply 


FIGURE 1 
TYPICAL SYSTEM CONFIGURATION 
(5%" Drive, Double Density) 


4 MHz CRYSTAL 
OSCILLATOR 


REFCLK Sepp | REGENERATED DATA RAW READ aes 


FLOPPY 


DISK Saedcsal ie DSKD FDC 9216 FDC 1791 or Equiv. 


FLOPPY DISK CONTROLLER 


DRIVE DERIVED CLOCK 


SEPCLK RCLK 
CDO CD1 


GND GND 








OPERATION 


A reference clock (REFCLK) of between 2 and 8 MHz 


is divided by the FDDS to provide an internal clock. — 


The division ratio is selected by inputs CDO and CD1. 
The reference clock and division ratio should be 
chosen per table 1. 


The FDDS detects the leading ieee of the disk data 


pulses and adjusts the phase of the internal clock 


to Provide the SEPARATED CLOCK output. 


Separate short and long term timing correctors 
assure accurate clock separation. 


- The:internal clock frequency is nominally 16 times 


the SEPCLK frequency. Depending on the internal 
timing correction, the internal clock may be a 
minimum of 12 times to a maximum of 22 times the 
SEPCLK frequency. ° 


The reference clock (REFCLK) is divided to werauide . 





~~the internal clock according to ereeee and CDT. 





TABLE 1: 
CLOCK DIVIDER SELECTION TABLE 








DRIVE 
(8” or 5%") 








DENSITY REFCLK fe 
ipo or 5D) = REMARKS — — 


a either one | 






Select either one 





Select any one 


oo- O20 OO Oo 
o-O OoO- O- CO 


ee” rs 


FIGURE 2 


always two internal clock cycles 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ........... 2. eee ee eects eee teeenetenes 0°C to +70°C 
Storage Temperature Range: 22.2 hx naeh ete oe botaee diene ets a haa alae —55°C to +150°C 
Lead Temperature (soldering, 10 SeC.) 2.00... ccc cece ence cece cence eet ee eee eeeeenteeenneees +325°C 
Positive Voltage on any Pin, with respect to ground ............ cc cece ee cece cece rent eeeneeeveees +8.0V 
Negative Voltage on any Pin, with respect to ground ...... 0.0... cc cece cece e eee cece eee en eceeeens —0.3V 


“Siresses above iituse tisieU may Cause peimaineii dainage tO ihe Gevice. Thid iS a SiveSs Fating Only 
and functional operation of the device at these or at any other condition above those indicated in the 
operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 

_ the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or “glitches” on their outputs when the AC power is switched on and off. 
in addition, voltage transients on the AC power line may appear on the DC output. If this possibility 


exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (T, =0°C to 70°C, Vop>=+5V+5%, unless otherwise noted) 


Parameter | ___Min. | Typ. | Max. | Units | Comments 


D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 





Low Level Vi 0.8 Vv 
High Level Vin 2.0 V 
OUTPUT VOLTAGE LEVELS- 
Low Level Vo. 0.4 V lo.=1.6mA 
High Level Von 2.4 Vv lou=—100 pA 
INPUT CURRENT 
Leakage I 10 uA O<Vin=Vpo 
INPUT CAPACITANCE 
All Inputs 10 pF 
POWER SUPPLY CURRENT 
lop 60 mA 
A.C. CHARACTERISTICS 
Symbol 
fey REFCLK Frequency 0.2 43 MHz FDC 9216 
fey REFCLK Frequency 02 | 8.3 MHz |. FDC 9216B 
tox REFCLK High Time 50 2500 ns 
tone REFCLK Low Time 50 2500 ns 
tspon REFCLK to SEPD “ON” Delay 100 ns 
tsporr REFCLK to SEPD “OFF” Delay 100 ns 
tspcx REFCLK to SEPCLK Delay 100 ns 
tou DSKD Active Low Time 0.1 100 Us 
towy DSKD Active High Time 0.2 100 us 


FIGURE 3: AC CHARACTERISTICS 


REFCLK 


SEPCLK 
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STANDARD MICROSYSTEMS 
——— 


FDC 9229 
FDC 9229B 
FDC 9229T 
FDC 9229BT 


FLOPPY DISK INTERFACE CIRCUIT 


FEATURES 
| Digital Data Separator 





Performs complete data separation function for floppy disk drives 


Separates FM and MFM encoded data 
No critical adjustments necessary 
5%" and 8” compatible 


L] Variable Write Precompensation 
C] Internal Crystal Oscillator Circuit 
_] Track-Selectable Write Precompensation 
(] Retriggerable Head-Load Timer 


(1 Compatible with the FDC 179X, 765, and other standard 
Floppy Disk Controllers 


] COPLAMOS® n-channel MOS Technology 
CL] Single +5 Volt Supply 
(] TTL Compatible 


PIN CONFIGURATION 


DSKD 
FDCSEL 
MINI 
DENS 
SEPCLK 
SEPD 
WDOUT 
HLT/CLK 
CLKOUT 
GND 


—_ 


PO 

TEST 

HLD 

LATE 
EARLY 
WDIN 
XTAL/CLKIN 


2 
3 
4 
5 
6 
7 
8 
9 





— 
oO 





FUNCTIONAL DESCRIPTION 


The FDC 9229/B is an MOS integrated circuit designed to 
complement either the 179X or 765 (8272) type of floppy 
disk controller chip. it incorporates a digital data separator, 
write precompensation logic, and a head-load timer in one 
0.3-inch wide 20-pin package. A single pin will configure 
the chip to work with either the 179X or 765 type of control- 
ler. The FDC 9229/B provides a number of different dynam- 
ically selected precompensation values so that different 
values may be used when writing to the inner and outer tracks 


xu [row] ae) [Ee 


16 MHz 4 MHz 
MASTER /\ 
XTAL]_JOSciLaTOR eae 
CLKIN J" BUFFERS sala 
CLKOUT 
DIVIDER 
AND 
Logic 
SINGLE DENSITY 


DELAYED 
ACTIVE EDGE 


of the floppy disk drive. The FDC 9229/B operates from a 
+ 5V supply and simply requires that a 16 or 8 MHz crystal 
or TTL-level clock be connected to the XTAL/CLKIN pin. All 
inputs and outputs are TTL compatible. 

The FDC 9229 is available in four versions: The FDC 
9229/T are intended for 514" disks and the FDC 9229B/T 
for 514” and 8” disks. The FDC 9229/B have an internal 
crystal oscillator circuit; the FDC 9229T/BT require an 
external clock. 


eS | EE 


TAP. 
SELECT 
Re 


1) Q 
ee es 
LATCH 
WRITE CLK {| 
ATA, 
TIMING LATCHED WRITE DATA 


‘i & PRECOMPENSATION ae, 
. = di LATA SHIFT REGISTER 


&4MHz = 


ae DATA SEPARATOR 
INTCLK GENERATOR 
HEAD-LOAD 
TIMER 


DATA 
SEPARATOR] = $ 
CLOCK : 

GATES 


FDC 9229 
BLOCK DIAGRAM 





a 


MEMORY 


> HLT/CLK 


DISK DATA D 
OUTPUT 
pereut WAVEFORM 


REGENERATOR 
END- 
OF-SLOT 


PHASE SYNTHETIC [CENT FREQ. | CENTER 
wewory Ly | | OSCILLATOR UP-DN. FREQUENCY 


ARI 
PHASE-LOCKED 
LOOP 
PLA 
ADJUSTED 
SLOT 


MEMORY 





DIFFERENTIATOR: 
ER 
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DESCRIPTION OF PIN FUNCTIONS 


SYMBOL vo DESCRIPTION 


This input is the raw read data received from the drive. (This input is 
active low.) 


This input signal, when low, programs the FDC 9229/B for a 179X type of | 


LSI controller. When FDCSEL is high, the FDC 9229/B is programmed 
for a 765 (8272) type of controller. (See fig. 4.) 


The state of this input determines whether the FDC 9229/B is configured 
to support 8” or 51/44” floppy disk drive interfaces. It is used in conjunction 
with the DENS input to prescaie the clock for the data separator. The 
state of this input also alters the CLKOUT frequency, the 
precompensation value, the head load delay time (when in 179X mode) 
and the HLT/CLK frequency (when in 765 mode). (See figs. 2, 3, and 4.) 
The state of this input determines whether the FDC 9229/B is configured 
to support single density (FM) or double density (MFM) floppy disk drive 
interfaces. It is used in conjunction with the MINI input to prescale the 
Clock for the data separator. The state of this input also alters the 


ne CLKOUT frequency when in the 765 mode. (See figs. 2, 3, and 4.) 


ea SEPCLK | Oo | A square-wave window clock signal output derived from the DSKD input. 
















This output is the regenerated data pulse derived from the raw data input 
(DSKD). This signal may be either active low or active high as 
determined by FDCSEL (pin 2). 
bes WDOUT | O __ | Theprecompensated WRITE DATA stream to the drive. 
HLT/CLK | O When in the 765 mode (FDCSEL high), this output is the master clock to 
the floppy disk controller. When in the 179X mode, this signal goes high 


after the head load delay has occured following the HLD input going 
high. This output is retriggerable. (See fig. 3.) 


CLKOUT This signal is the write clock to the floppy disk controller. Its frequency is 
determined by the state of the MINI, DENS, and FDCSEL input pins. 
(See fig. 3.) 
ee ee es 
XTAL/CLKIN This input is for direct connection to a 16 MHz or 8 MHz crystal (FDC 
9229/B only). The other pin of the crystal is grounded. XTAL/CLKIN 


may alternatively be connected to a single-phase TTL-level clock. The 
FDC 9229T and BT require an external TTL-level clock. 


| The write data stream from the floppy disk controller. 








12 | WDIN 
13 EARLY | When this input is high, the current WRITE DATA pulse will be written 










early to the disk. 


When this input is high, the current WRITE DATA pulse will be written late 
to the disk. 

When both EARLY and LATE are low, the current WRITE DATA pulse will 
be written at the nominal position. 


This input is only used in 179X mode. A high level at this input causes a 
high level on the HLT/CLK output after the specified head-load time 
delay has elapsed. The delay is selected by the state of the MINI output. 
(See fig. 3.) 


This input (when low) decreases the head-load time delay and initializes 
the data separator. This pin is for test purposes only. This input has an 
internal pull-up resistor and should be tied high or disconnected for 
normal operation. 






















——— P2-P0 select the amount of precompensation applied to the write data. 
a Semel pc ae 
| Voo__| __| +5 VOLT SUPPLY 
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OPERATION 


Data Separator 
The XTAL/CLKIN input clock is internally divided by the FDC 
9229/B to provide an internal clock. The division ratio is EOS DIVISOR 


selected by the FDCSEL, MINI and DENS inputs depend- FDCSEL DENS MINI f(XTAL/CLKIN)/(INTCLK 





ing on the type of drive used. (See fig. 1.) 0 0 0 2 
The FDC 9229/B detects the leading (negative) edges of : : je 
the disk data pulses and adjusts the phase of the oe Sa Bg ecg ae Spee See 
clock to provide the SEPCLK output. : 1 0 0 4 
Separate short- and long-term timing correctors assure { 0 | 8 
accurate clock separation. 1 1 0 2 
The SEPCLK frequency is nominally Ve the internal clock 1 1 1 4 


frequency. Depending on the internal timing correction, the 

duration of any SEPCLK half-cycle may vary from a nomi- 

nal of 8 to a minimum of 6 and a maximum of 11 internal FIG. 1 
clock cycles. 


INTCLK JOUPUOUSUSLP LLL Le UU 
| 
SERD Lh 
i . 
i l 
“polarity of SEPD shown for FDCSEL = low. 


always two internal clock cycles 


Precompensation 
The desired precompensation delay is determined by the LUE 
state of the PO, P1 and P2 inputs of the FDC 9229/B as per ae i po: -FReCouENe 
fig. 2. Logic levels present on these pins may be changed 1 0 0 0 Ons 
i ; 1 0 0 1 125 ns 
dynamically as long as the inputs are stable during the time 
the floppy disk controller is writing to the drive and the inputs 1 0 1 0 250 ns 
meet the minimum setup time with respect to the write data 1 0 1 1 375 ns 
from the floppy disk controller. 1 1 0 0 500 ns 
1 1 0 1 500 ns 
1 1 1 0 625 ns 
MIN] P2 P14 PQ | PRECOMP VALUE 1 1 1 1 625 ns 
0 0 0 0 Ons  — qaw_ee 
: : MN ere ee NOTE: All values shown are obtained with a 16 MHz ref- 
0 0 1 1 187.5 ns erence clock. Multiply pre-comp values by two for 
0 1 0 0 250 ns 8 MHz operation. 
0 1 0 1 250 ns 
0 1 1 0 312.5 ns FIG. 2 WRITE PRECOMPENSATION 
0 1 1 1 312.5 ns VALUE SELECTION 
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OPERATION (CONT’D) 


Head Load Timer 

Tne head ioad time Geiay is eliner 4U ms or 5U ms, Gependu- 
ing on the state of MINI. (See fig. 3.) The purpose of this 
delay is to ensure that the head has enough time to engage 
properly. The head load timer is only used in the 179X mode; 
it is non-functional in the 765 mode. 


INPUTS 


Tne FDC 79x initiates tne ioading of ine fioppy disk arive 
head by setting HLD high. The controller then waits the pro- 
grammed amount of time until the HLT signal from the FDC 
9229/B goes high before starting a read or write operation. 


OUTPUTS 
FDCSEL DENS MINI 


CLKOUT _HLT/CLK 


2 MHz 40 ms* 
1 MHz 80 ms* 
2 MHz 40 ms* 
1 MHz 80 ms” 


500 KHz 8 MHz 
250 KHz 4 MHz 

1 MHz 8 MHz 
500 KHz 4 MHz 


NOTE: All values shown are obtained with a 16 MHz ref- 
erence clock. Divide all frequencies and multiply all 
periods by two for 8 MHz operation. 


*May be mask programmed at factory to any value from 1 
to 512 ms in 15.625 ys increments (MINI low) or 1 to 1024 
ms in 31.25 ys increments (MINI high). 


FIG. 3 CLOCK AND HEAD LOAD 
TIME DELAY SELECTION | 


__sINPUTS ——CUFLOOPPPYDISK 
FDCSEL DENS MINI DRIVE TYPE 


8” DRIVE 
5%” DRIVE 
8” DRIVE 
5%" DRIVE 


0 
1 
0 
1 


8” DRIVE 
514" DRIVE 
8” DRIVE 
5%" DRIVE 


FLOPPY DISK FLOPPY DISK 
DRIVE DENSITY CONTROLLER TYPE 


DOUBLE 179X 
DOUBLE 179X 
SINGLE 179X 
SINGLE 179X 


SINGLE 765 (8272) 

765 (8272) 
DOUBLE 765 (8272) 
DOUBLE 765 (8272) 


FIG. 4 FLOPPY DISK DRIVE AND CONTROLLER SELECTION 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ........... 0c cece eee cnet ened eee eens ne eneeeeaneneees 0°C to +70°C 
Storage Temperature Range ...... 66. eee ene e eee eben eben eb eeeeeees — 55° to + 150°C 
Lead Temperature (soldering, 10 S€C.) . 0.2.0... cece nee ne teen ee ence e tent ee eeeeeeunauue +300°C 
Positive Voltage on any I/O Pin, with respect to ground ......... 00... cece cece eee e cence ene e eee eeeeeeeuaees +8.0V 
Negative Voltage on any 1/O Pin, with respect to ground ......... 0... cece ccc ee eee nee eee ence ene eeeeeeees —0.3V 
Power DISSIPAION ss c:sce-13s,cctea ep eiete wiread die Watered. 4c Ova dinies Bhan REG cana Sees ee ae Cre Sik ad aes 0.75W 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 
‘NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not 
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power 
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. 


ELECTRICAL CHARACTERISTICS (T, = 0°C to 70°C, Vo, = 5V +5%) 





PARAMETER | mIN | Typ | MAX | UNIT CONDITIONS 
DC CHARACTERISTICS 
INPUT VOLTAGE 
Low Level V, -0.3 0.8 V Except XTAL/CLKIN 
High Level V.,,, 2.0 (Voc) Vv 
XTAL/CLKIN INPUT VOLTAGE 
AC Amplitude 1.0 Ve.p XTAL/CLKIN only; input is 
Instantaneous voltage —0.3 (Voc) Vv AC-coupled. > 
OUTPUT VOLTAGE 5 
Low Level Vo. 0.4 V lo. = 1.6 MA except HLT/CLK = 
lo. = 0.4 mA, HLT/CLK only 7) 


High Level Vo, 2.4 


V 
POWER SUPPLY CURRENT 

lec 100 mA 
INPUT LEAKAGE CURRENT Pee I oie 

une pA Vin = 0 tO Voc 
INPUT CAPACITANCE pF Except CLKIN 

Cw 25 pF CLKIN only 


ELECTRICAL CHARACTERISTICS (T, = 0°C to 70°C, Vcc = 5V +5% 


— 100 2A except HLT/CLK 
— 400 pA, HLT/CLK onl 



























PARAMETER MIN | TYP | MAX | UNIT | CONDITIONS 
at Ee rice (All times assume XTAL/CLKIN = 16 MHz unless otherwise specified) 
XTAL/CLKIN frequency 3.95 16 16.2 MHz FDC 9229B 
3.95 8 : FDC 9229 
XTAL/CLKIN DUTY CYCLE 25 
tonon 465 500 FDCSEL = low; MINI = high. 
215 250 FDCSEL = low; MINI = tow. 
90 125 FDCSEL = high. 
brao 280 312.5 
50 
tanec 0 
tak 562.5 
tan precomp value See fig. 2. 
ty 2 x precomp value See fig. 2. 








CRYSTAL SPECIFICATIONS 
Frequency (8” Disk Drive) 16 MHz, at Cut 
(51%4” Disk Drive) 8 MHz, at Cut 
Holder Preferred HC —18/V 
Frequency and stability tolerance + .05% from 0°C to 70°C 
Series Resistance 50 ohm max 
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AC TIMING CHARACTERISTICS 








HLT/CLK (765 MODE) WDOUT PULSE WIDTH 


-~——_———— 4 or 8 MHz > 


CLKOUT VS. WDIN TIMING 
179X MODE 





CLKOUT 


ts 
WDIN 2) cee eee 


1, 2, or 4 psec. 







765 (8272) MODE 


CLKOUT 







SET-UP TIME PO, P1 AND P2 TO WDIN 









CLKOUT 


CLKOUT 
Toxon 


PO, P1, P2 


CLKOUT 
(179X) 


CLKOUT 
(765) 


WDIN 


WDOUT (EARLY) 









PRECOMPENSATION WDOUT (NOMINAL) 


beat 
WDOUT (LATE) ; 


Ref. to Fig. 2 for 
1, (precompensation) 
value 
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TYPICAL SYSTEM IMPLEMENTATION—765 (8272) FDC 


765 (8272) 
2 SIDED 
WPRT 
TRK 00 
“FAULT 





RW/SEEK 


FR/STP 


LCT/DIR 


DRSEL4 
DRSEL3 
DRSEL2 
DRSEL1 


US1 
USO 


ik 
/\ [ 


HDL 


RDY RDY FDC9229 

IDX IDX 
WE 

SIDE SEL 

+5V 


HLD 


TEST 
FDCSEL 
WDOUT 


SECTION V 


WDIN 


EARLY 
LATE 
SEPCLK DSKD 


SEPD 


“The FDC9229'B, as all other NMOS integrated circuits, presents a high 
impedance on al! inputs. 

To avoid soft errors caused by transmission line effects and noise where 
there is long cabling between the floppy disk drive and the controller board, the 
use of a (non-inverting) TTL schmidit-trigger input gate or bus transceiver is 
recommended at the DSKD input to the FDC9229/B. 
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TYPICAL SYSTEM IMPLEMENTATION—179X FDC 





ee, 



























TROO TRKOO 
WPRT WPRT 
\.P. INDEX 
READY READY 
DIR DIR 
mee = STEP 
WRITE 
oe GATE 
HLD HLD 
DALO- 
D0-D7 oe 
HLD 
RAWRD SEPD 
INTRO —a+— INTREG io aeeraeaa BNE? 
RCLK SEPCLK FDCSEL 
DRQ DRQ 
RE RE DDEN — 
WE WE 
CS cs 
Al At EARLY 
AO AQ 
RESET MR 
LATCH 
LCUR 
MOTOR ON 
SIDE 
D0-D7 


SEL3 
SEL2 
SEL1 


“The FDC9229/8, as all other NMOS integrated circuits, presents a high 
impedance on all inputs. 

To avoid soft errors caused by transmission line effects and noise where 
there is long cabling between the floppy disk drive and the controller board, the 
use of a (non-inverting) TTL schmidt-trigger input gate or bus transceiver is 
recommended at the DSKD input to the FDC9229'B. 





STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
CORPORATION tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
a information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
—————_f SS assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 


devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
35 Marcus Blvd. Hauppauge, NY 11788 (516)273-3100 at any time in order to improve design and supply the best product possible. . 
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STANDARD MICROSYSTEMS 


HDC 7261D 





Hard Disk Controller 


FEATURES 

_] Flexible interface to various types of Hard Disk Drives 
(] Programmable Track Format 

L Controls up to 8 Drives 

C] Parallel Seek Operation Capability 

C1] Multi-sector and Multi-track Transfer Capability 

LJ Data Scan and Data Verify Capability 

C1 High Level Commands, Including: 


READ DATA — SEEK (Normal or Buffered) 

READ ID RECALIBRATE (Normal or Buffered) 
WRITE DATA READ DIAGNOSTIC (SMD Only) 
WRITE ID SPECIFY 

SCAN DATA ~=SENSE INTERRUPT STATUS 
VERIFY DATA SENSE DRIVE STATUS 

VERIFY ID DETECT ERROR 

CHECK 


(] NRZ, FM, or MFM Data Format 

(] Maximum Data Transfer Rate: 12MHz 

(_] Error Detection and Correction Capability 

L] Simple I/O Structure: Compatible with Most 
Microprocessors 

(_] All Inputs and Outputs except Clock Pins are TTL- 
Compatible (Clock Pins Require Pull-up) 

[] Single +5V Power Supply 

C1 40-Pin Dual-in-line Package 

[] COPLAMOS® n-Channel Silicon Gate Technology 





PIN CONFIGURATION 


(RGATE) 
(WGATE) 


OMOnN OO AR WH = 


[| 


PACKAGE: 40-pin D.I.P. 


Note: Signals shown in parentheses are used when the HDC7261 
is in the floppy- like mode. 





GENERAL DESCRIPTION 


The HDC7261 Hard Disk Controller is an intelligent micro- 
processor peripheral designed to control a number of dif- 
ferent types of disk drives. It is capable of supporting either 
hard-sector or soft-sector disks and provides all control sig- 
nals that interface the controller with either SMD disk inter- 
faces or Seagate floppy-like drives. Its sophisticated 
instruction set minimizes the software overhead for the host 
microprocessor. By using the DMA controller, the micropro- 
cessor needs only to load a few command bytes into the 
HDC7261 and ail the data transfers associated with read, 


write, or format operations are done by the HDC7261 and 
the DMA coniroller. Extensive error reporting, verify com- 
mands, ECC, and CRC data error checking assure reliable 
controller operation. The HDC7261 provides internal 
address mark detection, ID verification, and CRC or ECC 
checking and verification. An eight-byte FIFO is used for 
loading command parameters and obtaining command 
results. This makes the structuring of software drivers a 
simple task. The FIFO is also used for buffering data during 
DMA read/write operations. 
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STANDARD MICROSYSTEMS 
——— 


FDC 3400 


[LPC FAMILY 


Floppy Disk 


Hard Sector DataHandler sss 





HSDH 


FEATURES | 


(J Hard-Sectored Operation — performs all data 
operations 


C1 Single or Double Density Operation — 
recording code independent 


C Minifloppy or Standard Floppy compatible 

(1 Programmable Sync Byte 

C] Internal Sync Byte Detection and Byte Framing 

(] Fully Double Buffered 

C Data Overrun/Underrun Detection 

(J Dual Disk Operation — Write on one disk drive 
while simultaneously reading from another 

C1 Tri-State Output Bus for processor 
compatibility 

C1 TTL Compatible Inputs and Outputs 





GENERAL DESCRIPTION 


The FDC3400 is an MOS integrated circuit which 
simplifies the data interface between a processor 
and a floppy disk drive. During a write operation, 
the HSDH receives data from the processor 

and shifts it out bit-serially to the floppy disk data 
encoding logic. Similarly, during a read operation 
the HSDH receives a bit-serial stream of read 
data from the floppy disk data separator, 
establishes byte synchronization by detecting 
the sync byte, and transfers data on a byte by 
byte basis to the processor. 


The HSDH detects data overrun and underrun 
conditions and indicates these conditions on its 
status lines. A data underrun causes write data 
to be written onto the disk from a special 
programmable fill register until new datais 
entered into the write data buffer or until the 
write operation is ended. 


Separate read and write data registers permit 
simultaneous read and write operations on two 
different drives for enhanced system throughput. 
The HSDH is fully double buffered and all inputs 
and outputs are TTL compatible. 


PIN CONFIGURATION 


ON Dnh WDM = 


PACKAGE: 40-Pin D.I.P. 


FUNCTIONAL BLOCK DIAGRAM 


WRITE DATA BUS 
WRITE ka WRITE FILL 
[| ace | STER xi REGISTER 


woe. 
wD? 





SYNC BYTE 
REGISTER 


frees | 


wi 

end WSITE | 

WOR CONTROL 

WCK LOGIC nee S tER 


WRITE BIT 
COUNTER 


READ INPUT 
REGISTER 
READ BIT 
COUNTER 


READ DATA 
REGISTER 








> READ DATA BUS. DADE-ROT 
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SECTION VI 





DESCRIPTION OF OPERATION 


Prior to reading or writing on the disk, the read/write 
head must be positioned and loaded onto the desired 
track. 


Write Aneration 


The Write Clock is set at the desired bit rate (usually 
125, 250, or 500KHz), and the desired fill byte is written 
into the Write Fill Register. After the external logic 
makes the write enable to the drive active, the first 
byte to be written should be loaded into the Write Data 
Register. This byte is then loaded into the Write Output 
Register and shifted out bit serially to the external write 
encoding logic. The first bit shifted out of each byte 
is the LSB. Whenever a byte is transferred from the 
Write Data Register to the Write Output Register, Write 
Data Request becomes active and requests another 
byte from the processor. If new data is not loaded into 
the Write Data Register before the Write Output Reg- 
ister becomes empty, then the Write Output Register 
is loaded with data from the Write Fill Register and 
the Write Data Underrun status line is set. WDU is reset 
the next time WDS is pulsed. At the end of the write 
operation, the processor should return the external 
write enable line to an inactive state. 


Read Operation 


The Read Clock is set at the desired bit rate (usually 
125, 250, or 500KHz) and the desired sync byte is 
loaded into the Sync Byte Register. When the pro- 
cessor wishes to read a sector of data it causes a 
transition on the Read Gate input to set the read 
logic into a sync byte search mode. In the search 
mode the serial read data bit stream is examined on 
a bit by bit basis until a sync byte is found. A sync 
byte is found, by definition, when the contents of the 
Sync Byte Register and the Read Input Register are 
identical. When this occurs the Sync Byte Detected 
output is set high. This byte is then loaded into the 
Read Data Register and the read logic is set into the 


byte mode. In this mode each byte read is loaded into 
the Read Data Register and Read Data Request is 
made active high for each byte.. The processor re- 
sponds to each Read Data Request by enabling the 
output bus with Read Data Enable. readina the data 
byte from the Read Data Register, and resetting Read 
Data Request by pulsing Read Data Request Reset. 
If the processor fails to respond to Read Data Request 
within one byte time, the Read Data Lost status line is 
set. When the processor has read the required amount 
of data it may reset Read Gate to an inactive-high level. 


System Operation — Additional Features 
Automatic Sector Fill 


In some applications, such as the end of a logical file, 
the system buffer may contain less than a full sector 
of data. In this case the processor need supply only 
this data to the FDC3400. The FDC3400 will then under- 
run, setting the Write Data Underrun Status line and 
thereby causing the remainder of the sector to fill with 
bytes taken from the Write Fill Register. This operation 
continues until the processor returns the disk’s write 
enable signal to an inactive level. 


Byte Search 


After byte synchronization has been established during 
a read operation, the processor may load a different 
byte into the Sync Byte Register. Whenever that byte 
occurs in the data being read, the Sync Byte Detected 
status line will go high. This feature permits the pro- 
cessor to search for the occurence of a specific byte 
while reading a sector. 


Multiple Byte Synchronization 


Some systems use two or more contiguous sync 
bytes to establish byte synchronization. For these ap- 
plications, the number of Read Data Requests re- 
ceived while Sync Byte Detected remains active-high 
may be counted by the processor to establish valid 
synchronization. 


FLOW DIAGRAM — WRITE DATA 


TURN POWER ON 
APPLY WCK 
SET FILL BYTE ONTO WRITE DATA INPUT LINES — PULSE FBS 


SET FIRST DATA BYTE ONTO WRITE DATA INPUT LINES — 


PULSE WDS 


HAS A 







LOAD WRITE OUTPUT REGISTER 
FROM WRITE DATA REGISTER 
WDU =0 

WDR = 1 


WRITE 1 BIT 





FULL BYTE 
BEEN WRITTEN 
2 








SET NEXT DATA 
BYTE ONTO WRITE 
DATA INPUT LINES — 
PLILSE WDS 

WDR = 0 






















LOAD WRITE OUTPUT 
REGISTER FROM WRITE 
FILL REGISTER 

WDU = 1 
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FLOW DIAGRAM — READ DATA 






TURN POWER ON 
APPLY RCK 

SET SYNC BYTE ONTO WRITE DATA INPUT LINES — PULSE SBS 
PULSE RG— SETS READ LOGIC INTO SYNC BYTE 

SEARCH MODE, RDR = RDL = SBD =0 









SHIFT 1 BIT INTO THE READ INPUT REGISTER 










ARE THE 
CONTENTS OF THE READ 
INPUT REGISTER IDENTICAL TO 
THE CONTENTS OF THE 
SYNC BYTE REGISTER 












SET THE READ LOGIC INTO 

THE BYTE MODE, SBD = 1 
TRANSFER THE CONTENTS OF THE READ INPUT 
REGISTER TO THE READ DATA REGISTER, RDR = 1 


SHIFT 1 BIT INTO THE READ INPUT REGISTER 






> 
= 
= 
Ee 
oO 
el 
” 









HAS A 

COMPLETE BYTE 

BEEN RECEIVED 
‘2 











EXAMINE RDL, SBD 

SET CONTENTS OF READ 
DATA REGISTER ONTO 

READ DATA OUTPUT LINES 
VIA RDE.PULSE RDRR, RDR = 0 












ARE THE 

CONTENTS OF THE READ 

INPUT REGISTER IDENTICAL TO THE 

CONTENTS OF THE SYNC 

BYTE REGISTER 
9 


YES NO 





SET SBD = 1 


SET SBD = 0 





YES NO 
SET RDL =0 IS RDR =0 SET RDL = 1 
? 
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DESCRIPTION OF PIN FUNCTIONS 


SYMBOL TAME 


RD Read Data 


ee 


RDRR Read Data 
Request Reset 







FUNCTION 
The Read Data input accepts the serial data stream 


fom ne bm Lio. alints alain nam avantas 

MiMi uit ViVP PY WIOR VUE GUPUIKIVE, 

The negative-going edge of the Read Clock input 
shifts Read Data into the Read Input Register. 


An active-high pulse input on the Read Data Request 
Reset input resets the RDR output to a low level. 
























4 Read Data An active-high level on the Read Data Enable line 
i i Enable i gates the outputs of the Read Data Register onto the 
Read Data Output lines. 
5 


Read Data The Read Data Request output is made active-high when 
Request an assembled byte is transferred from the Read Input 
Register to the Read Data Register. 


RDL Read Data Lost The Read Data Lost output is made active-high, if the 
byte presently in the Read Data Register is not read 
(RDR not reset) by the processor before the next byte is 
loaded into the Read Data Register. 


7-14 RD7-RD@ Read Data When enabled by RDE the tri-state Read Data Output 
Output lines present the data in the Read Data Register to the 
processor. When RDE is inactive-low the RD7-RD@ lines 
are held at a high-impedance state. 


o>] 





Zi<|2 
a8 1oO 


15-19 ae gee a al Not Connected 
20 +5 volt supply 
21 Poet, a ae Not Connected 
22 WDR Write Data The Write Data Request output is made active-high 
Request when the Write Data Register becomes empty and 


requires a data byte. It is reset to a low level when WDS 
occurs to load the Write Data Register. If WDR is not 
serviced by the time the next byte is required by the 
Write Output Register, the byte stored in the Write Fill 
Register is written onto the disk and the WDU line is 
made active high. 


23 WD Write Data The Write Data output presents the serial stream of data 
to the external write data encoder. Each byte is normally 
provided from the Write Data Register provided that a 
WDS pulse occurs during the presently written byte. 
If WDS is not pulsed, the next byte to be written will be 
extracted from the Write Fill Register. 








24, GND | Ground | Ground 
25 WDU Write Data The Write Data Underrun output is set active-high when 
Underrun the processor fails to respond to the WDR signal 
| | within one byte time. When WDU occurs the data 
| written on the disk is extracted from the Write Fill 
Register. This line is reset when WDS is pulsed. 
26 Voo Power Supply —12 volt supply 
27-34 Write Data The Write Data Input lines present information to the 
Input Write Data Register, the Write Fill Register, and the 


Sync Byte Register under control of their respective 
strobes. The strobes operate independently of each 
other. The LSB should always be placed on WD90. 

35 Read Gate his input should be pulsed to a high-level after 

power turn on to reset RDR, SBD, and RDL to an inactive- 
low level. The high-to-low transition of RG setsthe read 
logic into the sync byte search mode. In this mode 

the serial Read Data stream is examined on a bit by bit 
basis until a sync byte is found. A sync byte is found by 
definition when the contents of the Sync Byte Register 
and the Read Input Register are identical. When this 
occurs the SBD output is set active-high. The sync byte 
just read is then transferred into the Read Data Register; 
RDR is set high, and the read logic is set into the byte 
mode. In this mode each byte read is transferred into 
the Read Data Register. 


36 Sync Byte The Sync Byte Detected output is set active-high each 

Detected time the byte loaded into the Read Data Register is 
identical to the byte in the Sync Byte Register. This 
output is reset low the next time the Read Data Register 
is loaded with a byte which is not a sync byte. 
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DESCRIPTION OF PIN FUNCTIONS 


PIN NO. SYMBOL NAME FUNCTION 


37 FBS Fill Byte The Fill Byte Strobe is an active-high input strobe which 
Strobe loads the byte on the WD@-WD7 lines into the Write 
Fill Register. 


38 WCK Write Clock Each positive-going edge of this clock shifts one bit 
out of the Write Output Register onto WD. 
39 WDS Write Data The Write Data Strobe is an active-high input strobe 
Strobe which loads the byte on the WD@-WD7 lines into the 
= Write Data Register. 
SBS 


Sync Byte The Sync Byte Strobe is an active-high input strobe 
Strobe which loads the byte on the WD@-WD7 lines into the 
Sync Byte Register. 


40 





ADDITIONAL TIMING INFORMATION 
(Typical Propagation Delays) 








WRITE DATA 
WCK VIH 
OUTPUT Trpo Tro, UNITS 
oe a he ee ee WDR NA 2.0 us 
WDU 1.0 1.5 BS 
OUTPUT WD 1.0 1.0 nS 





> 
= 
= 
— 
o 
uu 
” 


READ DATA 





RCK 


ViL 
OUTPUT Trdo Teo, UNITS 
RDR NA 1.5 bs 
ROL 2.0 2.5 us 
OUTPUT SBD 2.0 2.5 us 
RDZ-RD7 —_2.5 2.5 uS 














MIN. TIMING FDC3400 FDC3400-1 UNITS 


ter 4.0 2.0 uS 
tou 1.0 0.5 xS 
ter 2.0 1.0 uS 
tov 1.4 0.9 xuS 
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HSDH TIMING DIAGRAM 


|+~————— baa BYTE —————> pa Ta BYTE» FILL BYTE + 


RDR | i [Note 3 | j 


RDRR J [Note 2 
ROL | | j 


SBD 


NOTE 1 

The Write Output Register is 
loaded with the next byte at the 
positive clock transition cor- 
responding to the leading edge 
of the last bit of the current byte 
on the WD output. WDR is set 
high approximately two micro- 
seconds after this clock tran- 
sition. If it is desired that the 
next byte be extracted from the 
Write Data Register the leading 
edge of the WDS should occur 
at least one microsecond prior 
to this clock transition. 


NOTE 2 

In order to avoid an RDL indi- 
cation the leading edge of the 
RDRR pulse should occur at 
least one microsecond prior to 
the negative clock transition 
corresponding to the center of 
the first bit after the last bit 

of the previous byte on the 

RD input. 


394 


l [Note 3 H 


NOTE 3 


The RDL, SBD and RDO-RD7 
output are Set to their correct 
levels approximately two micro- 
seconds after the negative 
clock transition corresponding 
to the center of the first bit after 
the last bit of the previous byte 
on the RD input. The RDR 
output is set high at the next 
negative clock transition. 





MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range. ... 2.2... cece nee ence ents cease enas 0°C to + 70°C 
Storage Temperature Range. ..... 2... ec eee ete teen tenet eeeenenes —55°C to + 150°C 
Load Temperature (soldering, 10 S€C.) 2.0... eect eee ence nee n neta tent eees +325°C 
Positive Voltage on any Pin, Vcc. .......... 2. ee eee ee eee Sa auibslidelasle guahielevora se a ucatan de lecorans, $n G.b doesent adhe +0.3V 
Negative Voltage on any Pin, Vcc... 1... cect ene e eee nent tenet nee eeneeees —25V 





*Stresses above those listed may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other condition above those indicated in the 
operational sections of this specification is not implied. 


ELECTRICAL CHARACTERISTICS (T,=0°C to 70°C, Vec= +5V +5% Voo= —12V+5%, unless otherwise noted) 


Parameter Conditions 


D.C. CHARACTERISTICS 


INPUT VOLTAGE LEVELS 
Low-level, Vir 
High-level, Vin Vec-1.5 


OUTPUT VOLTAGE LEVELS 
Low-level, Vo. E : lo =1.6mMA 
High-level, Vox 2.4 ; lox = —100nA 


INPUT CURRENT 
Low-level, In 


OUTPUT CURRENT 
Leakage, lio 
Short circuit, los* * 


INPUT CAPACITANCE 
Allinputs, Ci 

OUTPUT CAPACITANCE 
All outputs, Cour 


roars SUPPLY CURRENT 
ce 
loo 


See note 1 


RDE= Vi, 0 = Vour= +5V 
Vour=0V 


Vin= Vee, f=1MHz 
RDE= Vn, f=1MHz 


All outputs = Vox 


A.C. CHARACTERISTICS Ta= +25°C 
CLOCK FREQUENCY RCK, WCK 
RCK, WCK, FDC3400-1 
PULSE WIDTH 
Clock RCK, WCK 
RCK, WCK, FDC3400-1 
Read Gate RG 
Write Data Strobe WDS 
Fill Byte Strobe FBS 
Sync Byte Strobe SBS 
Read Data Request Reset RDRR 
INPUT SET-UP TIME 
Write Data Inputs WD9-WD7 
INPUT HOLD TIME 
Write Data Inputs WD9-WD7 
STROBE TO OUTPUT DELAY Load =20pf+1 TTL input 
Read Data Enable RDE: Tro:, Teco 
OUTPUT DISABLE DELAY RDE 





**Not more than one output should be shorted at a time. 


NOTES: 


1. Under steady state condition no current flows for TTL or MOS interfacing. 

A switching current of 1.6mA maximum flows during a high to low transition of the input. 
2. The tri-state output has 3 states: 

1) low-impedance to Vcc 

2) low-impedance to GND 

3) high-impedance OFF = 10M ohms 

The OFF state is conirotted by the RDE input. 
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STANDARD MICROSYSTEMS CCC 3500 
es [LPC FAMILY 






Cassette/ Cartridge Data Handler | 
CCDH 





FEATURES 


C Facilitates Magnetic Tape Cassette or 

Cartridge to Processor Interfacing 

C] Performs All Data Operations 

L] Up to 250K bps Data Transfer Rate 

[1 Recording Code Independent 

1 Compatible with Standard and Mini Cassettes 

[1 Compatible with Standard and Mini 3M-type 

Cartridges 

LC] Read-While-Write Operation for Write 

Verification In Dual Gap Head Systems 

Programmable Sync Byte 

Internal Sync Byte Detection and Byte Framing 

Fully Double Buffered 

Data Overrun/Underrun Detection 

0 Tri-State Output Bus for Processor 
Compatibility. 

C1 TTL Compatible Inputs and Outputs PACKAGE: 40-Pin D.LP 


PIN CONFIGURATION 





1 
2 
3 
4 
5 
6 
7 
8 








Pt 





GENERAL DESCRIPTION 


The CCC 3500 is an MOS integrated circuit which 
simplifies the data interface between a 
processor and a magnetic tape cassette or 


cartridge drive. During a write operation the arena | ee WRITE FLL 
CCDH receives data from the processor and ae 

shifts it out bit serially to the cassette/ cartridge 

data encoding logic. Similarly during a read — 


operation the CCDH receives a bit-serial stream f mutrmtexen | 
of read data from the cassette/cartridge data 
recovery circuit, establishes byte synchroniza- = 


tion by detecting the sync byte, and transfers vo 
data on a byte by byte basis to the processor. 


The CCDH detects data overrun and underrun | 


FUNCTIONAL BLOCK DIAGRAM 


wD? WRITE DATA SUS 





conditions and indicates these conditions on its 
status lines. A data underrun causes data from a 
special programmable fill register to be written 
onto the cassette/cartridge until new data is 
entered into the write data buffer or until the 
write operation is ended. 


Separate read and write data registers permit 
simultaneous read and write operations. Drives 
with dual gap heads may utilize this read-while- 
write feature for write data verification thereby 
enhancing system throughput and reliability. 
The CCDH is fully double buffered and all inputs 
and outputs are TTL compatible. 


READ DATA 
REGISTER 
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DESCRIPTION OF OPERATION 


Write Operation 


After power-on, the Write Clock is set at the desired bit 
rate and the desired fill byte is written into the Write 
Fill Register. After the external control logic has 
Caused tne tape to come up to operating speed and 
activated the write enable signal, the first byte to be 
written should be loaded into the Write Data Register. 
This byte is then loaded into the Write Output Register 
and shifted out bit serially to the external write en- 
coding logic. The first bit shifted out of each byte is 
the LSB. Whenever a byte is transferred from the Write 
Daia Regisier to the Write Output Register, Write Data 
Request becomes active and requests another byte 
from the processor. If new data is not loaded into the 
Write Data Register before the Write Output Register 
becomes empty, then the Write Output Register is 
loaded with data from the Write Fill Register and the 
Write Data Underrun status line is set. WDU is reset 
the next time WDS is pulsed. At the end of the write 
operation, the processor should return the external 
write enable line to an inactive state. 


Read Operation 


After power-on, the desired sync byte is loaded into 
the Sync Byte Register. After the external control logic 
has initiated forward motion and the tape has come up 
to operating speed, the processor produces a positive- 
to-negative transition on the Read Gate input to set the 
read logic into the sync byte search mode. In the 
search mode the serial read data bit stream is ex- 
amined on a bit by bit basis until a sync byte is found. 
A sync byte is found, by definition, when the contents 
of the Sync Byte Register and the Read Input Register 
are identical. When this occurs the Sync Byte Detected 
output is set high. This byte is then loaded into the 
Read Data Register and the read logic is set into the 
byte mode. In this mode each byte read is loaded into 
the Read Data Register and Read Data Request is made 
active high for each byte. The processor responds to 


each Read Data Request by enabling the output bus 
with Read Data Enable, reading the data byte from 
the Read Data Register, and resetting Read Data 
Request by pulsing Read Data Request Reset. If the 


mroceocser nila tA rAnRnan 
ror seat uw espond is nead Daa Nequesr Wittiit 


one byte time, the Read Data Lost status line is set. 
When the processor has read the required amount of 
data it may reset Read Gate to an inactive-high level 
and stop tape motion. 


System Operation — Additional Features 

Automatic Biock Fili 

In some applications, such as the end of a logical file, 
the system buffer may contain less than a full block 
of data. In this case the processor need supply only 
this data to the CCC 3500. The CCC 3500 will then 
underrun, setting the Write Data Underrun Status line 
and thereby causing the remainder of the block to fill 
with bytes taken from the Write Fill Register. This op- 
eration continues until the processor returns the drive’s 
write enable signal to an inactive level. 


Byte Search 


After byte synchronization has been established dur- 
ing a read operation, the processor may load a differ- 
ent byte into the Sync Byte Register. Whenever that 
byte occurs in the data being read, the Sync Byte De- 
tected status line will go high. This feature permits the 
processor to search for the occurrence of a specific 
byte while reading a block. 


Multiple Byte Synchronization 


Some systems use two or more contiguous sync 
bytes to establish byte synchronization. For these 
applications, the number of Read Data Requests re- 
ceived while Sync Byte Detected remains active-high 
may be counted by the processor to establish valid 
synchronization. 


FLOW DIAGRAM — WRITE DATA 












TURN POWER ON 
APPLY WCK 


PULSE WDS 


HAS A 







LOAD WRITE OUTPUT REGISTER 
FROM WRITE DATA REGISTER 
D 


SET FILL BYTE ONTO WRITE DATA INPUT LINES — PULSE FBS 
SET FIRST DATA BYTE ONTO WRITE DATA INPUT LINES — 


WRITE 1 BIT 












FULL BYTE 


BEEN WRITTEN 





SET NEXT DATA 
BYTE ONTO WRITE 
DATA INPUT LINES — 
PULSE WDS 


| WDR = 0 | 





LOAD WRITE OUTPUT 
REGISTER FROM WRITE 
FILL REGISTER 

WDU = 1 
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FLOW DIAGRAM — READ DATA 









TURN POWER ON 
SET SYNC BYTE ONTO WRITE DATA INPUT LINES — PULSE SBS 
PULSE RG— SETS READ LOGIC INTO SYNC BYTE 

SEARCH MODE, RDR = RDL = SBD =0 

APPLY RCK 











- “SHIFT + BITINTO THE READ INPUT REGISTER — 











ARE THE 

~~ CONTENTS OF THE READ 

INPUT REGISTER IDENTICAL TO 

THE CONTENTS OF THE 

SYNC BYTE REGISTER 
2 






SET THE READ LOGIC INTO’ 
THE BYTE MODE, SBD = 1 


TRANSFER THE CONTENTS OF THE READ INPUT 
REGISTER TO THE READ DATA REGISTER, RDR = 1 


SHIFT 1 BIT INTO THE READ INPUT REGISTER 


























HAS A 

COMPLETE BYTE 

BEEN RECEIVED 
2 













EXAMINE RDL, SBD 
SET CONTENTS OF READ 
DATA REGISTER ONTO 
READ DATA OUTPUT LINES 
VIA RDE.PULSE RDRR, RDR = 0 






ARE THE 

CONTENTS OF THE READ 

INPUT REGISTER IDENTICAL TO THE 

CONTENTS OF THE SYNC 

BYTE REGISTER 
2 


YES NO 





SET SBD = 0 


SET SBD =1 





YES NO 
SET RDL =0 IS RDR=0 SET RDL=1 
? 
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DESCRIPTION OF PIN FUNCTIONS 


PIN NO. SYMBOL NAME FUNCTION 
1 Read Data The Read Data input accepts the serial data stream 
from the cassette/cartridge data recovery circuit. 
Read Clock The negative-going edge of the Read Clock input 


shifts Read Data into the Read Input Register. 
An active-high pulse input on the Read Data Request 
Reset input resets the RDR output to a low level. 
An active-high level on the Read Data Enable line 
gates the outputs of the Read Data Register onto the 

i i Read Data Output lines. 
i) Read Data The Read Data Request output is made active-high when 















Read Data 
Request Reset 
Read Data 
Enable 
















Request an assembled byte is transferred from the Read Input 
Register to the Read Data Register. 
6 RDL Read Data Lost The Read Data Lost output is made active-high, if the 


byte presently in the Read Data Register is not read 
(RDR not reset) by the processor before the next byte is 
loaded into the Read Data Register. 
7-14 Read Data When enabled by RDE the tri-state Read Data Output 
Output lines present the data in the Read Data Register to the 
processor. When RDE is inactive-low the RD7-RD@ lines 
are held at a high-impedance state. 


i-19 | NC | Not Connected 





20 +5 volt supply 

21 De tee a ee tad Not Connected 

22 ; Write Data The Write Data Request output is made active-high 
Request when the Write Data Register becomes empty and 


requires a data byte. It is reset to a low level when WDS 
occurs to load the Write Data Register. If WDR is not 
serviced by the time the next byte is required by the 
Write Output Register, the byte stored in the Write Fill 
Register is written onto the cassette/ cartridge and the 
WDwU line is made active high. 

23 WD Write Data The Write Data output presents the serial stream of data 
to the external write data encoder. Each byte is normally 
provided from the Write Data Register provided that a 
WDS pulse occurs during the presently written byte. 

If WDS is not pulsed, the next byte to be written will be 
extracted from the Write Fill Register. 





24 Ground 
25 WDU Write Data The Write Data Underrun output is set active-high when 
Underrun the processor fails to respond to the WDR signal 


within one byte time. When WDU occurs the data 
written on the disk is extracted from the Write Fill 
Register. This line is reset when WDS is pulsed. 


—12 volt supply 


The Write Data Input lines present information to the 
Write Data Register, the Write Fill Register, and the 
Sync Byte Register under control of their respective 
strobes. The strobes operate independently of each 
other. The LSB should always be placed on WD9. 
This input should be pulsed to a high-level after 
power turn on to reset RDR, SBD, and RDL to aninactive- 
low level. The high-to-low transition of RG sets the read 
logic into the sync byte search mode. In this mode 

the serial Read Data stream is examined on a bit by bit 
basis until a sync byte is found. A sync byte is found by 
definition when the contents of the Sync Byte Register 
and the Read Input Register are identical. When this 
occurs the SBD output is set active-high. The sync byte 
just read is then transferred into the Read Data Register; 
RDR is set high, and the read logic is set into the byte 
mode. In this mode each byte read is transferred into 
the Read Data Register. 


The Sync Byte Detected output is set active-high each 
time the byte loaded into the Read Data Register is 
identical to the byte in the Sync Byte Register. This 
output is reset low the next time the Read Data Register 
is loaded with a byte which is nota sync byte. 























26 Power Supply 
Write Data 


Input 


























35 Read Gate 






Sync Byte 
Detected 
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DESCRIPTION OF PIN FUNCTIONS 


PIN NO. SYMBOL NAME FUNCTION 


37 FBS Fill Byte The Fill Byte Strobe is an active-high input strobe which 
Strobe loads the byte on the WD8-WD7 lines into the Write 
Fill Register. 
38 WCK Write Clock Each positive-going edge of this clock shifts one bit 
out of the Write Output Register onto WD. 
39 WDS Write Data’ The Write Data Strobe is an active-high input strobe 
which loads the byte on the WD@-WD7 lines into the 





Strobe 


40 SBS Sync Byie The Sync Byte Strobe is an active-high input strobe 
Strobe which loads the byte on the WD@-WD7 lines into the 
Sync Byie Register. 








ADDITIONAL TIMING INFORMATION 
(Typical Propagation Delays) 









WRITE DATA 
WCK ViH 
OUTPUT Troo Tro, UNITS 
ea ee ee oe WDR NA 2.0 BS 
WDU 1.0 1.5 nS 
OUTPUT wD 1.0 1.0 us 








> 
=z 
So 
— 
Q 
uw 
ie) 
READ DATA 
RCK Vi 
OUTPUT Trx0 Teo, UNITS 
RDR NA 1.5 bs 
A ne a ee ee RDL 2.0 25°" us 
OUTPUT SBD 2.0 - 2.5 us 
RDZ-RD7 2.5 2.5 nS 








tey 


tox ter 


RCK 


MIN. TIMING CCC 3500 UNITS 








toy 4.0 LS 
ton 1.0 “4S 
ter 2.0 ES 
tov 1.4 BS 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range... 1.0.0... ccc ccc ccc ce cnc eee e esac ee eeaenesecunnes 0°C to +70°C 
Storage Temperature Range.......... 2. ccc cece ce eee cet e tence ee eecetaeeenes —55°C to +150°C | 
Load Temperature (soldering, 10 sec.) 00.0... 0... ccc ccc cece cece ecececneeeusseuaeerreenaes + 325°C , 
Positive Voltage on any: PIN; Vdens.. 4 org eres sae aguas an eee ea a alee iene Eee Sale cae +0.3V | 
Negative Voltage On aNy PIN, Vcc... ce tee teen eee tate e een e ene enseeeueseaes —Zdv 





*Stresses above those listed may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other condition above those indicated in the 
operational sections of this specification is not implied. 


ELECTRICAL CHARACTERISTICS (T,=0°C to 70°C, Vec= +5V +5% Vo= —12V+5%, unless otherwise noted) 


Parameter | Min. =| Typ. | Max. | Unit | Conditions 


D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 







Low-level, Vin Voo 0.8 V 

High-level, Vix Vee-1.5 Vec V 
OUTPUT VOLTAGE LEVELS 

Low-level, Vo. 0.2 0.4 V lo. = 1.6MA 

High-level, Von 2.4 4.0 V lox = —100uA 
INPUT CURRENT 

Low-level, In 1.6 mA See note 1 
OUTPUT CURRENT 

Leakage, fio -1 pA RDE = Vu, 0 = Vour = +5V 

Short circuit, los** 10 mA Vour = OV 
INPUT CAPACITANCE : 

All inputs, Ciw 5 10 pF Vin= Vee, f= 1MHz 
OUTPUT CAPACITANCE 

All outputs, Cour 10 20 pF RDE= Vi, f= 1MHz 
POWER SUPPLY CURRENT 

lec 28 mA All outputs = Vou 

lov 28 mA 

A.C. CHARACTERISTICS Ta= +25°C 

CLOCK FREQUENCY DC 250 KHz RCK, WCK 
PULSE WIDTH | 

Clock 1 BS RCK, WCK 

Read Gate 1 BS RG 

Write Data Strobe 200 ns WDS 

Fill Byte Strobe 200 ns FBS 

Sync Byte Strobe 200 ns — SBS 

Read Data Request Reset 200 ns RDRR 
INPUT SET-UP TIME 

Write Data Inputs 0 ns WD#-WD7 
INPUT HOLD TIME 

Write Data Inputs 0 ns WD$-WD7 
STROBE TO OUTPUT DELAY Load = 20pf+1 TTL input 

Read Data Enable RDE: Teor, Troo 


OUTPUT DISABLE DELAY RDE 









**Not more than one output should be shorted at a time. 


NOTES: 
1. Under steady state condition no current flows for TTL or MOS interfacing. 

A switching current of 1.6mA maximum flows during a high to low transition of the input. 
2. The tri-state output has 3 states: 

1) low-impedance to Vcc 

2) low-impedance to GND 

3) high-impedance OFF = 10M ohms 

The OFF state is controlled by the RDE input. 
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CCDH TIMING DIAGRAM 








|< DATA BYTE- —————+] «paTA BYTE—> | «—___——— FILL BYTE ———> 


SBD | [Note 3 \ | 
NOTE 1 NOTE 2 NOTE 3 





The Write Output Register is 
loaded with the next byte at the 
positive clock transition cor- 
responding to the leading edge 
of the last bit of the current byte 
on the WD output. WDR is set 
high approximately two micro- 
seconds after this clock tran- 
sition. If it is desired that the 
next byte be extracted from the 
Write Data Register the leading 
edge of the WDS should occur 
at least one microsecond prior 
to this clock transition. 


In order to avoid an RDL indi- 
cation the leading edge of the 
RDRR pulse should occur at 
least one microsecond prior to 
the negative clock transition 
corresponding to the center of 
the first bit after the last bit 

of the previous byie on the 

RD input. 
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The RDL, SBD and RDO-RD7 
output are set to their correct 
levels approximately two micro- 
seconds after the negative 
clock transition corresponding 
to the center of the first bit after 
the last bit of the previous byte 
on the RD input. The RDR 
output is set high at the next 
negative clock transition. 
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STANDARD MICROSYSTEMS 
—— 





ROM 4732 


[LPC FAMILY 


4096 X 8-Bit Static Read-Only Memory 





FEATURES 


C] 4096 x 8 Organization 

ZC All Inputs and Outputs TTL-Compatible 

DC) Fully Static (No Clocks, No Refresh) 

C] Single +5v Power Supply 

CL) Maximum Access Time...450ns 

CL) Minimum Cycle Time...450ns 

CJ Typical Power Dissipation...580mW _ 

C2 Three-State Outputs for Wire-OR Expansion 

C) Industry Standard 24 pin DIP Pin Out 

C) Pin Compatible with TMS 4732, TMS 4700, 
TMS 2708 and Intel 2316E 

CJ Two programmable chip select inputs for Chip 
Select Flexibility 

LC) Automated Custom Programming—Formats— 
Media 

[J] COPLAMOS® N-Channel MOS Technology 





PIN CONFIGURATION 


M 21 CS2 or GSB 
[) 20 CS1 or CST 


1 
2 
3 
4 
5 
6 
7 
8 
9 


PACKAGE: 24-pin D.L.P. 





GENERAL DESCRIPTION 


The ROM 4732 is a 32,768-bit read-only memory 
organized as 4096 words of 8-bit length. This makes 
the ROM4732 ideal for microprocessor based 
systems. The device is fabricated using N-channel 
silicon-gate technology for high speed and simple 
interface with bipolar circuits. 


All inputs can be driven directly by Series 74 TTL 
circuits without the use of any external pull-up 
resistor. Each output can drive one Series 74 or 74S 
load without external resistors. The data outputs 
are three-state for OR-tieing multiple devices on a 
common bus, facilitating easy memory expansion. 
Two chip select controls allow data to be read. 


These controls are programmable, providing 
additional system decode flexibility allowing four 
32K ROMs to be OR-tied without external decoding. 
The data is always available, it is not dependent 
on external CE clocking. 


The ROM 4732 is designed for high-density fixed- 
memory applications such as logic function 
generation and microprogramming. Systems 
utilizing 1024 x 8-bit ROMs or 1024 x 8-bit EPROMs 
can expand to the 4096 x 8-bit ROM 4732 with 
changes only to pins 18, 19, and 21. Toupgradefrom 
the 2316E, simply replace CS2 with A11 on pin 18. 


BLOCK DIAGRAM 


DATA OUTPUTS 
Q1—Q8 


OUTPUT BUFFERS 


Y DECODE ae) Peake 


x 
X DECODE 
BUFFER 
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4096 X 8 MEMORY MATRIX 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range................066- ‘iid, Mais a aetnietes hee ace. O°Cto+ 70°C 
Storage Temperature Range.......... cece cece cece e eee e eee neeee —55°C to +150°C 
Lead Temperature (soldering, 10 SeC.) .... 0... . cece eee cece nee eee eee +325°C 
Positive Voltage on any Pin, with respect to ground ........... 0. cece eee eee eens +7,0V 
Negative Voltage enany Din, with recnect ta ground setrth wate, heals en nek tateretetntt ad Data meat cad a 2 —0 a 


*Stresses above those listed may cause permanent damage to the device. Thisisastress rating 
only and functional operation of the device at these or at any other condition above those 
indicated in the operational sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, itis important 
that the Absolute Maximum Ratings not be exceeded or device failure can result. Some 
power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power is 
switched on and off. In addition, voltage transients on the AC power line may appear on the 
DC output. If this possibility exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS 
(Ta = 0°C to 70°C, Vee = +5V +5%, unless otherwise noted) 





























Parameter Min. | Typ. Comments 
D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 
Low-level, Vit 0.65 V 
High-level, Vin 2.0 V 
OUTPUT VOLTAGE LEVELS 
Low-level, Vor 0.4 V lo. = 2.0MA 
High-level, Vou 2.4 V lou = —200uA 
INPUT CURRENT | 
Low-level, liv 10 BA) oS Vin Vee 
OUTPUT CURRENT 
lou +10 pA Chip Deselected 
INPUT CAPACITANCE 
All inputs, Cin 7 pF 
OUTPUT CAPACITANCE 
All Outputs, Cour 10 pF 
POWER SUPPLY CURRENT ellie 
lec 150 mA 
A.C. CHARACTERISTICS 1 Series 74 TTL load, 
Cri = 100 pF 
Read cycle time, terra 450 ns 
Access time from address, tatea) 450 ns 
Access time from chip select, | | | | 
tates) 200 ns 
Previous output data valid after 
address change, tevx 450 ns 
Output disable time from chip 
select, tpxz 200 ns 


READ CYCLE TIMING 


ft $$$ 0 A$} oe $$$ tr) $$ 


Vin | ! \ 
ne | cee Oc 





Vin 
CS1, CS2 





Vit 





| ba(cs) 


bg a ara | 
|<<——_— taag—_ a tervxr ee Inet boxz 


Vou 
Q1—Q8 ee HI—-Z VALID NOT VALID VALID HI—Z — 


VoL 


se Na ee 
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Description of Pin Functions 





‘INPUT/ 
OUTPUT . FUNCTION 














1 Addresses : The 12-bit positive-logic address is 
7, .| decoded on-chip to select one of 4096 
words of 8-bit length in the memory 

array. AQ is the least significant bit and 
A11 the most significant bit of the 
word address. The.address valid 
interval determines the device 
cycle time. 








9,10,11,13, |Q1, Q2, Q3, Q4, Data The eight outputs must be enabled by 
14,15,16,17 | Q5, Q6, Q7, Q8 Outputs both chip select controls before the 
output word can be read. Data wiil 
remain valid until the address is 
changed or the outputs are disabled 
(chip deselected). When disabled, 
the three-state outputs are ina 
high-impedance state. Q1 is consid- 
ered the least significant bit, Q8 

the most significant bit. The out- 
puts will drive TTL circuits without 
external components. 








ican 3 


Ground Ground 











CS1, CS2 Chip Each chip select control can be pro- 
Select grammed during mask fabrication to 
; be active with either a high or a low 

level input. When both chip select 
signals are active, all eight outputs 
are enabled and the eight-bit 
addressed word can be read. When 
either chip select is not active, all 
eight outputs are in a high- 
impedance state. 











PS +5 volt power supply 








407 


SECTION VI 








PROGRAMMING DATA 


PROGRAMMING REQUIREMENTS: The ROM 4732 is a fixed program memory in which the 
programming is performed via computer aided techniques by SMC at the factory during the 
manufacturing cycle to the specific customer inputs supplied in the punched comouter card 
format below. The device is organized as 4096 8-bit words with address locations numbered @ to 
4095. The 8-bit words can be coded as a 2-digit hexadecimal number between @@ and FF. All data 
words and addresses in the following format are coded in hexadecimal numbers. In coding, all 
binary words must be in positive logic before conversion to hexadecimal. Q1 is considered the 
least significant bit and Q8 the most significant bit. For addresses, A@ is least significant bit and 
A111 is the most significant bit. 


Every card shouid inciude the SMC Custom Device Number in the form ROXXxXx (4 digit number 
to be assigned by SMC) in column 75 through 80. 
PROGRAMMABLE CHIP SELECTS: The chip select inputs shall be programmed according 
to the data punched in columns 73 and 74. Every card should include in column 73 a1 if the output 
is to be enabled with a high level at CS2 or a @ (zero) to enable the output with a low level at CS2. 
The column 74 entry is the same for programming CS1. 
PROGRAMMED DATA FORMAT: The format for the cards to be supplied to SMC to specify 
that data to be programmed is provided below. The card deck for each device consists of 128 cards 
with each card containing data for 32 memory locations. 


CARD COLUMN HEXADECIMAL FORMAT 
1to3 Hexadecimal address of first word on the card 
4 Blank 


5 to 68 Data. Each 8-bit memory byte is represented by two ASCII characters to 
represent a hexadecimal value of ‘00’ or ‘FF’. 


69, 70 Checksum. The checksum is the negative of the sum of all 8-bit bytes in the 
record from column 1 to68, evaluate modulo 256 (carry from high order bit 
ignored). (For purposes of calculating the checksum, the value of Column 
4 is defined to be zero.) Adding together, modulo 256, all 8-bit bytes from 
Column 1 to 68 (Column 4 = 0), then adding the checksum, results in zero. 

71,72 Blank 

73 One (1) or zero (9) for CS2 
74 One (1) or zero (@) for CS1 
75, 76 RO 
77 to 80 XXXX (4 digit number assigned by SMC) 


ALTERNATIVE INPUT MEDIA 


In addition to the preferred 80 column “IBM Card,” customers may submit their ROM bit patterns 
on 9-track 800-BPi mag tape, 8-channel perforated paper tape, EPROM, ROM, etc. Where one 
of several nationwide time sharing services is mutually available, arrangements may be made 
with the factory to communicate the ROM definition data directly through the service computer. 
Format requirements and other information required to use alternative input media may be 
obtained through SMC sales personnel. 


ALTERNATIVE DATA FILE FORMATS 
‘In addition to the standard SMC format, it is possible to furnish data to SMC in other formats if 


prearranged with the factory. Non-standard formats may be acceptable. Contact SMC 
sales personnel. 





tions; consequently compiete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
35 laseie Baad mm assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
(516) 273-3100. Twxs0.227-888 devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
you can keep ahead of yours. at any time in order to improve design and supply the best product possible. 





STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 





We keep ahead of our competition so 
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STANDARD MICROSYSTEMS | ROM 36000" 


8192 X 8-Bit Static Read-Only Memory _ 
| 64K ROM | 


FEATURES PIN CONFIGURATION 
18192 X 8 Organization 

C] All Inputs and Outputs TTL-Compatible 

C] Edge Activated** 

C) Single +5V+10% Power Supply 

CL] Maximum Access Time...250ns 

CO Minimum Cycle Time...375ns 

C] Low Power Consumption...220mW max active 
C] Low Standby Power Dissipation...35mW typical 
C] Three-State Outputs for Wire-OR Expansion 

CX Industry Standard 24 Pin DIP Pin Out 

CL] Pin Compatible with MOSTEK MK36000-4 

C] On-Chip Address Latches 

C1 Outputs drive 2 TTL loads and 100pf PACKAGE: 24-pin D.LP. 
L] COPLAMOS® N-Channel MOS Technology 


1 
2 
3 
4 
5 
6 
7 
8 
9 
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BLOCK DIAGRAM 


DATA OUTPUTS 
Qi— Q8 


CHIP ENABLE LOGIC 
OUTPUT BUFFERS 
Y Y DECODER 
ADDRESS Y DECODE 
BUFFER 


ADDRESS INPUTS ; 
x 
% ADDRESS ea X DECODE 8192 X 8 MEMORY MATRIX 
BUFFER 
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GENERAL DESCRIPTION 


The ROM 36000 is a new generation N-channel 
silicon gate MOS Read Only Memory, organized as 
6192 words by 2 hits Ac a ctate-nf-the-art device. 
the ROM 36000 incorporates advanced circuit 
techniques designed to provide maximum circuit 
density and reliability with the highest possible 
performance, while maintaining low power dis- 
sipation and wide operating margins. 


The ROM 36000 utilizes what is fast becoming an 


industry standard method of device operation. Use ' 


of a static storage cell with clocked control 
periphery allows the circuit to be put into an 
automatic low power standby mode. This is 
accomplished by maintaining the chip enable 
(CE) input at a TTL high level. In this mode, power 
dissipation is reduced to typically 35mW, as 
compared to unclocked devices which draw full 
power continuously. In system operation, a device 
is selected by the CE input, while all others are 
in a low power mode, reducing the overall system 
power. Lower power means reduced power supply 
cost, less heat to dissipate and an increase in 


device and system reliability. 


The edge activated chip enable also means Bp Oreatet 
The ROM 36000 features onboard address latches 
controlled by the CE input. Once the address hold 
time specification has been met, new address data 
can be applied in anticipation of the next cycle. 
Outputs can be wire- ‘OR’ed together, and a 


specific device can be selected by utilizing the CE 


input with no bus conflict on the outputs. The CE 
input allows the fastest access times yet available 
in 5 volt only ROM's and imposes no loss in system 
operating flexibility over an unclocked device. 


Other system oriented features include fully TTL 
compatible inputs and outputs. The three state 
outputs, controlled by the CE input, will drive a 
minimum of 2 standard TTL loads. The ROM 36000 
operates from a single +5 volt power supply with a 
wide +10% tolerance, providing the widest opera- 
ting margins available. The ROM 36000 is packaged 
in the industry standard 24 pin DIP. 





ABSOLUTE MAXIMUM RATINGS* 
Voltage on Any Terminal Relative to Vss 


Operating Temperature Ta (Ambient) ............ 


Storage Temperature— Ceramic (Ambient) 
Power Dissipation 


awe te ee ne 


ed 


*Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage 
to the device. This is a stress rating only and functional operation of the device at these or any other 
conditions above those indicated in the operating sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect device reliability. 










Parameter 
Power Supply Voltage 


Input Logic 0 Voltage 
Input Logic 1 Voltage 


DC ELECTRICAL CHARACTERISTICS 


loci 40 


Vcc Power Supply Current (Active) mA 1 
Vcc Power Supply Current (Standby) Icoce2 7 mA 7 
Input Leakage Current IL) —10 10 HA 2 
Output Leakage Current low) —10 10 BA 3 
Output Logic “0” Voltage VoL 0.4 Volts 

@ lout = 3.3mA 
Output Logic “1” Voltage Vou 2.4 Voits 


@ lout = —220uA 
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Parameter 


AC ELECTRICAL CHARACTERISTICS 


Cycle Time tc 
CE Pulse Width tcE 
CE Access Time tac 
Output Turn Off Delay torF 
__Address Hold Time Referenced to CE =| tan 
Address Setup Time Referenced to CE tas 
CE Precharge Time tp 
CAPACITANCE 
Input Capacitance Cl 
Output Capacitance co 
NOTES: 


1. Current is proportional to cycle rate. Icci is measured at the specified 
minimum cycle time. 


2. VIN = OV to 5.5V. 
3. Device unselected; VouT = OV to 5.5V. 


4. Measured with 2 TTL loads and 100pfF, transition times = 20ns. 


375 ns 4 
250 4 
250 ns 4 
60 ns 4 
60 |. J... pons 
0 ns 
125 ns 
5 pF 5 
7 pF 5 


5. Capacitance measured with Boonton Meter or effective capacitance 
calculated from the equation: AQ 
Cc =—— with AV = 3 volts 
AV 
6. A minimum 100ys time delay is required after the application of 
Vcc (+5) before proper device operation is achieved. 


7. CE high. 


TIMING DIAGRAM 


Vin 


CHIP ENABLE 


ADDRESS 


vee OPEN 
DATA OUTPUT \,., 


LZ 





OPERATION 


The ROM 36000 is controlled by the chip enabie 
(CE) input. A negative going edge at the CE input 
will activate the device as well as strobe and latch 
the inputs into the onchip address registers. At 


access time the outputs will become active and 
contain the data read from the selected location. 
The outputs will remain latched and active until 
CE is returned to the inactive state. 


PROGRAMMING 


Standard Microsystems Corporation will accept 
data input in the form of 8K, 16K, 32K and 64K 
EPROMS and 8K, 16K, 32K and 64K ROMS. If 
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other programming media is preferable, please 
consult the factory. 
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(1) May be custom mask programmed 
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SECTION Vil 
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STANDARD MICROSYSTEMS £100 Sots 
CORPORATION CG4103 


CHARACTER GENERATOR 


2240-Bit Programmable (ROM) 64 Characters of 5 x 7 Bits | 


FEATURES PIN CONFIGURATION 
CI Static Operation, no clocks required. 








DO 2240-Bit Capacity, fully decoded. ate 28 Chip Enable (Ar) 
- 64 Characters of 35 Bits (5 x 7) Ne 24 = = 
0 Column by Column Output—Column o 3 Pye Ad 
Scan nc 4.0 rT) 25° As 
O TTL Compatible O35 7) 24 As 
C Wired “OR” Capability for memory | NC 6 7) 23 As 
expansion — . Os 7 C 22 Cs 
OC Power Supplies: +14v, —14v or + 12v, . Nc 8 CI LJ 21 Ce 
—12v, or +5v, —12v Os 9 C4 20 Cs 
C Eliminates need for +12v power supply egies ee 
Os 11 | 318 Ci 


C Single mask custom programming NO 12 SS 7 Ves 


O7 13 LJ Ly16 Ac — 

Vop 14 CJ | J15 Vac 
APPLICATIONS 
QO Matrix Printers 
CO Vertical Scan Alphanumeric Displays 
OQ Billboard and Stock Market Displays 
C1 Strip Printer 
QO LED Matrix Arrays 


NC = No Connection 


BLOCK DIAGRAM 





ROM 
CHARACTER 
ADDRESS ype COLUMN OUTPUT. 
SELECT 
BECO er. (2240 Bits) 


DATA OUTPUTS 


on 
n 
Wu 
ac 
Q 
Qa 
< 
Cc 
Lu 
ke 
“oO 
< 
a 
< 
= 
oO 


C1C2C3C4Cs 
CHIP ENABLE 


Vss Voo Vac 


MAX 
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General Description 


Tne CG4100 Series MOS Read Only Memories (ROMs) are designed specifically for dot-matrix character generation 
where column by column output data is desired. Each ROM contains 2240 bits of programmable storage, organized as 64 


aharactare aarh having & aakhimne af 7 hite 
OMSracterc, SAN NAMING + CONS Sr f One. 


The output word appears as a 5 word sequence on each of the output lines. Sequence is controlled by the 5 Column 
Select lines. By strobing the first select line, the first group of 7 bits (first column) is obtained at the output. By sequentially 
strobing C: through Cs the font of the addressed character would be displayed. The character address may remain fixed 
while the column select changes. 


Since only 6 address bits are required in order to decode the 64 stored characters, the seventh bit (A7) may be used as a 
chip enable. The chip enable (CE) in conjunction with the single ended open drain output buffers allow for memory 
expansion through wired “OR” connection. 


The CG4100 Series contains an USASCII character font. Custom memory patterns are provided through the use of 
customer provided encoding sheets, tapes, or card decks. 


I REE LL LT I TI I ET ETT Ea TS NIT DDI ETE TRE ELSES 
MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ........... 0. cece ccc cece eee eee —25°C to+ 85°C 
Storage Temperature Range ........... 06. cece eee teen e eens —55°C to + 150°C 
Voltage on any Pin, with respect to Vss ...... 0... eee eee nee een eee +0.3V to —30V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 


RECOMMENDED OPERATING CONDITIONS (— 25°C <Ta<+85°C) 


Parameter Symbol Min. Typ. Max. Unit 
Suppy Voltage Vss 0.0 Vv 
Supply Voltage Vop -12.0 —14.0 —16.0 Vv 
Supply Voltage Vac —24.0 —28.0 —29.0 Vv 
Input Voltage, logic “O” Vin Vss —1.5 Vss Vv 
Logic “O” = most positive level 
Input Voltage, logic “I” Vin Voo Vss—11 Vv 


Logic “I” =most negative level 


Note: The design of the CG4100 permits a broad range of operation that allows the user to take advantage of readily 
available power supplies; e.g. +5V, — 12V. See “Operational Interface—To/From TTL logic” diagram. 


ELECTRICAL CHARACTERISTICS (Vss= + 14v, Vac= — 14v, Voo= Ground, Ta=25°C, unless otherwise noted) 


Parameter Symbol Min. Typ. Max. Units Comments 

Output Blank Current los _— — 10 a ~—s- Von applied to output 
see Note 1. 

Output Dot Current loo 2.5 —_ —_ ma Von anplied to output 
see Note 1. 

Input Leakage Current lin _ _ 10 pa Vin = OV 

Output Voltage Vo — 2.0 — Vv lo=0.5ma 

_— 5.0 — Vv lo=2.0ma 

Address Access Time taa _ _ 1200 ns 

Column Select Access Time tca — _— 600 ns 

Chip Enable Access Time tce _ — 400 ns 

Power Dissipation — — 400 mw — Output unconnected 


Note 1: An output dotis defined as the ON state of the MOS output transmitter. An output blank is defined as the OFF state. 
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Description of Pin Functions 


Pin No. Symbol Name 





Function 
: as tt ms S Os Outputs ~ . 7 Data Outputs 
14 Voo * Vop Usually connected to Ground 
15 Voc _ Vee Negative power supply: — 14v or — 12v 
~—t6--— As dress —— —_ —— Bit 6 of the character address~ 
17 Vss Vss Positive power supply: + 14v or + 12v or +5v 
18-22 C1-Cs Column Select Column Select inputs 
23-27 As-A1 Address Bits 1 through 5 of the character address 
28 CE(A7) Chip Enable 


SSS GN IT SEES 
CHIP ENABLE ACCESS TIMING 


' ADDRESS ACCESS TIMING 


Vss—_—-—=—4 rc 


Address 
Input 






+1.5V 


Only one of the five Column Select inputs is at logic “1.” 
Chip Enable input is at logic “1.” 


COLUMN SELECT ACCESS TIMING 





All Column Select inputs are at logic “O" except one under test. 
Address inputs are set in a dc state. 
Chip Enable input is at logic “1.” 


OPTIONAL INTERFACE TO/FROM TTL LOGIC 


GATE 






LOW-POWER 
TTLLOGIC 


Chip Enable for memory expansion 


Vss 
Chip Enable 
Input 
Voo 









Output 


Gnd. 
Only one of the five Column Select inputs is a logic “1.” 
Address inputs are set in a dc state. 


AC TEST CIRCUIT 


7400 or Equiv. 





0 -—14V 
tr = tr < 50 ns for all timing diagram forcing functions. 


Alt output waveforms are measured at the output of the 
7400 TTL gate. 


INTERFACE TO TTL LOGIC 
+14V _14V 









+14V 















G5 cog &§ Ya 7400 
as 4100 = or Equiv. 
a= p>) 
< rs) 
COLUMN SELECT 
INPUTS 
+14V *The value of R depends on 


System Speed and Power 
Requirements. 


Mask—programmable 
~ 100K © on —chip resistors 
are available. 
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Pin-for-Pin Equivalent for: TMS 4103 MK2002 S8499. 


STANDARD MICROSYSTEMS 
CORPORATION 


‘35 Marcus Bivd.. Hauppauge, NY. 11788 
(596) 273-3100 TWX- 510-227-8898 


We keep ahead of our competition so you can keep ahead of yours. 





Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possibie. 
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STANDARD MICROSYSTEMS —s—«(w® SR 5015-XXX 
poe | : SR 5015-80 

| - §R 5015-81 
SR 5015-133 





FEATURES - 7 PIN CONFIGURATION 

1 COPLAMOS® N Channel Silicon Gate 
Technology 

XO Variable Length—Single Mask 
Programmable—1 to 134 bits 

C2 Directly TTL-compatible on all inputs, 
outputs, and clock 

C1 Clear function 

C1 Operation guaranteed from DC to 1.0 MHz 

C] Recirculate logic on-chip 

C1 Single +5.0V power supply 

C1 Low clock input capacitance 

O 16 pin ceramic DIP Package 

0) Pin for Pin replacement for AMI $2182, 83. 85 


APPLICATIONS 

CO Memory Buffering 

QO Unique Buffering Lengths 
0 Terminals 






INPUTA U4 \ /16]J OUTPUT A 


RECABC [] 2 15 /] RID 











141] ourPuTD 
INPUT B [| 4 13 |]. INPUT D 


OUTPUT B 5 


OUTPUT Cc [/8 


BLOCK DIAGRAM 


REC CONTROL ABC 


INPUT C 


RECIRC. INPUT D 
REC. CONTROL D 


INPUTD 


CLOCK 
GENERATOR 


OUTPUTB OUTPUTD 
CLOCK CLEAR 
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General Description 


The SMC SR 5015-XXxX is a quad static shift register family fabricated using SMC’s COPLAMOS® N channel silicon gate 
process which provides a higher functional density and speed on a monolithic chip than conventional MOS technology. The 
COPLAMOS® process provides high speed operation, low power dissipation, low clock input capacitance, and single +5 voit 
nower sunnlv oneration. 


These shift registers can be driven by either T2L circuits or by MOS circuits and provide driving capability to MOS or T2L 
circuits. This device consists of four separate static shift registers with independent input and output terminals and logic for 
loading, recirculating or shifting information. The SR 5015-80, SR 5015-81, and SR 5015-133 are respectively 80, 81, and 
133 bit quad shift registers. 


The recirculate control pin is common for Cone A, B, and C. Register D has an independent recirculate control pin as 
weil as a recircuiate input pin. 


A clear pin has been provided that will cause the shift register to be cleared when the pin is at Vcc. A single T?L clock is 
required for operation. 


The transfer of data into the register is accomplished on the low-to-high transition of the clock with the recirculate control 
low. For long term data storage the clock may be stopped and held in either logic state. Recirculate occurs when the 
recirculate control is high. Output data appears on the low-to-high transition of the clock pulse. 


Bits 81 and 133 are available for flag storage. 
This device has been designed to be used in high speed buffer storage systems and small recirculating memories. 
Special custom configurations are achieved via single mask programming in lengths of 1 to 134 bits. 


MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range .................. 00.2 eee Mies Wikio eae eee sed eas a eteeneed o°Cto + 70°C 
Storage Temperature Range occ cctv reves ceneesae scree eb heed seve sas Dice gedaan eyes een —55°C to + 150°C 
Lead Temperature (soldering, 10 SCC.) . 6... cece eet e eee eee e nee tree ene +325°C 
Positive Voltage on any Pin, with respect to ground ..... 6... cece cence eee enn eee enna +8.0V 
Negative Voltage on any Pin, with respect to ground .......... 00. cee cece eee eter ener e nent n eens -0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 

ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc= +5V+5%, unless otherwise noted) 


Parameter Min. Typ. Max. Unit Comments 
D.C. Characteristics 
INPUT VOLTAGE LEVELS 
Low Level, Vit 0.8 Vv 
High Level, Vin Vec—1.5 Vcc Vv 
OUTPUT VOLTAGE LEVELS 
Low Level, Vot 0.4 V lo.=1.6ma 
High Level, Vou Veco— 1.5 4.0 V loun=100pa 
INPUT LEAKAGE CURRENT 1.0 pa Vin= Vcc 
CLOCK, CLEAR 25 pf 
All Other 10 pf 
POWER SUPPLY CURRENT 80 ma 
A.C. Characteristics oa Ta=+25°C 
CLOCK 
PWu 300 ns 
PWL 600 ns 
Transition, tr, tr 0.02 1.0 ps 
Repetition Rate, 1/T 0 1.0 MHz 
t Delay 300 ns 
INPUT DATA 
to, set-up 100 ns 
to, hold , 200 ns 
PWb 300 ns 
OUTPUT DATA 
to, ACC 200 350 ns 
RECIRCULATE CONTROL : 
tr, set-up 200 ns 
tr, hold 300 ns 
PWr 500 ns 
CLEAR 
PWciear 20 pS 
420 


Symbol 
A 


RECABC 


CLR 


B 
Os 


Vcc 
Oc 


TIMING DIAGRAMS 


Output Data 


PWo’ 


: tb, set-up as Pr to. hold 
Input Data fet Ne ee 


to. ACC 


> 
| 


Recirculate 
Control \ J 


taset-up =  fee| be tr hold 
—————_ 


PWr 


PW clear 
Clear —_— , Fe te 


ae 
tDetay 


Description of Pin Functions 


Name 


Input A 


Recirculate ABC 


Clear 


Input B 
Output B 
GND 

+5 Volt 


Output C 
Clock Input 


Input C 
NC 


Recirculate 
Control D 


Input D 
Output D 


Recirculate 
InputD © 


~ Output A 


Function 


Input signal which is either high or low depending on what 
word is to be loaded into shift register. 


Input signal when high disconnects inputs from registers 
and connects outputs to inputs, thus recirculating 
data. Recirculates only A, B, C outputs. 


Input signal when high forces outputs to a low state 
immediately and clears all the registers. 
Input signal for B register. 
Output signal for B register. 
Power supply Ground. 
_ 5 volt power supply. 


Output signal for C register. 

Input signal which is normally low and pulses high to 
shift data into the registers. The data is clocked in on 
low to-high edge of clock. 


Input signal for C register. 


Input signal which is normally low and, when goes high, 
disconnects Input D to register and connects 
Recirculate Input D to register. 

Input signal for D register. 

Output signal for D register. 

Input signal which is the input to the D register 

when Recirculate Control D is high: RECD=1. 

Output signal for A register. 
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APPLICATIONS 
Line Buffer for CRT Display . . .80 Characters per line. 


$R5015-80 


Video Clock 













PAGE 
MEMORY 
SNC so Seria} Data Output 
Pe CG5004L-1 To Monitor Electronics 
Ds 
.fe—T 
HST | 
ie Ly @l2 Ble Ble 
CURSOR L 
SR5015-80 
= 
RECIRCULATE DECODER 4 
es Pee, 


F leelee D 


SCAN 
COUNTER 


End of Line Clock 


Line Buffer for Matrix Printer . . . 132 Characters per line. 






CHARACTER 








pclae i To Print Head 
My 00 Solenoid Drivers 
SERIES 









INTERFACE 
OR 
MEMORY 








End of Line 











SR5015-133 





—— From System Timing 


STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 

tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
i Matis Ba nyt assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
(516) 273-3100 TWx-510-227-8008 - devices Gescribed any iicense under the patent rights of SMC or others. SMC reserves the rignt to make changes 
We keep ahead of our competition so you can keep ahead of yours. «at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION 
——— 


SR 5017 
SR 5018 


Quad Static Shift Right/Shift Left Shift Register 


Last In First Out Buffer 
_ FEATURES | 
Gate Technology. 


O Quad 81 bit or Quad 133 bit 

CO Directly Compatible with TL, MOS 

C] Operation Guaranteed from DC to 
1.0MHz 

QO Recirculate logic on-chip 

QO Single + 5.0V power supply 

C2 Low clock input capacitance 

QO Single phase clock at T2L levels 

XO Clear function 

0 16-pin Ceramic DIP Package 

APPLICATIONS 

2 Bi-Directional Printer 


CL] Computers—Push Down 
Stack—LiFO 


CO) Buffer data storage—memory buffer 


CO Delay lines—delay line processing 
C Digital filtering 


INPUTD 111 \. 16] RECD 


INPUT C 


INPUT B 


OUTPUT B 


RECABC 


Voc 





QO Telemetry Systems 
O Terminals 
C Peripheral Equipment 


BLOCK DIAGRAM 


REC CONTROL ABC 


INPUT B 


L/R CONTROL 


RECIRC. INPUT D 
REC. CONTROL D 


OUTPUTB OUTPUTD 





CLOCK CLEAR 
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General Description 


The SMC SR 5017 and SR 5018 are quad 133 (SR 5017) and quad 81 (SR 5018) bit static shift registers utilizing SMC’s 
COPLAMOS® N channel silicon gate process. The COPLAMOS® process provides high speed operation, low power 
dissipation, low clock input capacitance, and requires only a single +5 volt power supply. 


IA RA ALI CANIAtArA ARAM AA AviniAKw hus Altar TI) Alen bn ae be RAIN Aten. be 2 ee ett 2 RI REN 
PUIOW OPH PUygrorer VU te EI y Git POL UN UUTLO UI Vy IWR UIUUILO ON PUVIUG UliVIEIYy Capauiitly bu ivitvo tu ET 


circuits. 


This device consists of four separate static shift registers with independent input and output terminals and logic for 
loading, recirculating or shifting information right or left. This shift left/shift right (L/R Control) control input is common to all 
registers. 


The recirculate contro! j 


uy 


as well as a Recirculate Input. 


A Clear input has been provided that will cause the shift register to be cleared when the input is at Vcc. A single T2L clock 
input is required for operation. 


The transfer of data into the register is accomplished on the low-to-high transition of the clock with the recirculate control 
low. For tong term data storage the clock may be stopped and held in either logic state. Recirculate occurs when the 
recirculate control is high. Output data appears on the low-to-high transition of the clock pulse. 


Bits 81 or 133 are available for flag storage. 


SS a I SI I a ETT a DE EET TIT 
MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ......... 0. ccc cee ccc ee ete n eee eee eee eeeeees O°C to + 70°C 
Storage Temperature Range ........ 0. ccc cece eee eee eee tee eee beet e tena es ~—55°C to + 150°C 
Lead Temperature (Soldering, 10 S@C.) 0... ce eee tenn nett ener teen nent eee eennna +325°C 
Positive Voltage on any Pin, with respect to Ground ..... 6... cece eee nee eee n eee te teens +8.0V 
Negative Voltage on any Pin, with respect to ground ..... ice nee nnn een nee ene neeenas —0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 


ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc= +5V+5%, unless otherwise noted) 


Parameter Min. Typ. Max. Unit Comments 
D.C. Characteristics 
INPUT VOLTAGE LEVELS 
Low Level, Vit 0.8 Vv 
High Level, Vin Vec—1.5 Voc Vv 
OUTPUT VOLTAGE LEVELS 
Low Level, Vor 0.4 V lo.=1.6ma 
High Level, Vou Vec—1.5 4.0 V lon= 100ua 
INPUT LEAKAGE CURRENT 1.0 pa Vin=Vcc 
CLOCK, CLEAR 25 pf 
All Other 10 pf 
POWER SUPPLY CURRENT 100 ma 
A.C. Characteristics Ta=+25°C 
CLOCK 
PWu 300 ns 
PWL 600 ns 
Transition, tr, t 0.02 1.8 pS 
Repetition Rate, 1/T 0 1.0 MHz 
t Delay 500 ns 
INPUT DATA 
to, set-up 150 ns 
to, hold 150 ns 
PWpb 300 ns 
OUTPUT DATA ; 
to, ACC 200 350 ns 
RECIRCULATE CONTROL 
tr, set-up 200 ns 
tr, hold 300 ns 
PWr 500 ns 
CLEAR 
PWcLEaR 20 id 
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Timing Diagram 


Input Data 





Output Data 


Recirculate 
Control 


tr set-up bm tr hold 
PWa 


N clocks 


etd 
500 ns hel te ns 500 
‘ ns 


Shift Left/Shift Right Do Not 
Control ‘ Change 
Control 


*Shift occurs on the positive clock edge. 


os PW clear Zi 
Clas Saupe ON 


<j 





Description of Pin Functions 


RECABC 


Name 


Pin 





Input D 
Recirculate 
Input D 
Output D 
Clear 


Output A 


Shift Left/Shift 
Right Control 


Input A 


Clock Input 


5 Volt 
Recirculate 
ABC 
Output B 
Input B 
Input C 
Output C 
GND 


Recirculate 
Control D 


1 


/ 


Function | 


Input signal for D register. 


Input signal which is the input to the D register when recirculate 
control Dis high: RECD = 1. 


Output signal for D register. 


Input signal when high forces outputs to a low state immediately 
and clears all the registers. 


Output signal for A register. 


Input signal which is low for loading data and for shifting right. 
When L/R CON is high, the register will shift left. 

Input signal which is either high or low depending on what word 
is to be loaded into shift register. 


Input signal which is normally low and pulses high to shift data 
into the registers. The data is clocked in on low to high 
edge of clock. 


5 volt power supply. 

Input signal when high disconnects inputs from registers and 
connects outputs to inputs, thus recirculating data. Recirculates 
only A, B, C outputs. 

Output signal for B register. 

Input signal for B register. 

Input signal for C register. 

Output signal for C register. 

Ground. 


Input signal which is normally low and, when goes high, 
disconnects Input D to register and connects RECIRCULATE 
INPUT D to register. 
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Logic Diagram 




















INA . eS 
/\ | QB- at Q | Q I Q 
1st Stage = 2nd Stage 79th % = 80th 4 L) 81st Output 
le @ oe Stage Stage Stage 
UUN 


I ‘ | Pines 4 } i 7 3 
Seaoeereee | [ ) Caco bee L___|| ie ——| ) bad 
Q trom 3rd Stage (i f 
» to 78th Stage to 79th Stage 





APPLICATION 












CHARACTER 

GENERATOR To Print Head 
ROM (s) Solenoid Drivers 

SMC CG4100 





INTERFACE SERIES 


OR 
MEMORY 


End of Line 









DATA ENTRY 
AND LOOP CONTROL 
LOGIC 





From System Timing 


STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 

tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
CORPORATION information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
as aris OA TET assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
(516) 273-3100 TWX-510-207-888 - devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 


We keep ahead of our competition so you can keep ahead of yours. at any time in order to improve design and supply the best product possible. 


426 








Te ag ee 


ee 


BASIE I 





> 
= 
= 
= 
Oo 
uu 
” 





427 


428 





CORPORATION oe oe KR2376-XX 
——-— 


Keyboard Encoder Read Only Memory 


FEATURES . PIN CONFIGURATION 
C] Outputs directly compatible with TTL/DTL or | a 7 pace) a 





MOS logic arrays. : eee : 
‘ ‘ tequency Control 
O External control provided for output polarity Frequency Controic H 3 
selection. Shit input [] 4 sat 
C) External control provided for selection of odd Control input I] 5 ” Matrix 
or even parity. Parity Invert Input (] 6 Surut 
CO Two key roll-over operation Panboueeoe 7 
eye “rOP none Data Output 88 [] 8 
CL] N-key lockout. Data Output 87 [ 
CL) Programmable coding with a single mask Data Output BS | 
change Data Output B5 [| 
ue ‘ . . Data Output B4 [] 
CI Self-contained oscillator circuit. Data Output 83 1 
LJ Externally controlled delay network provided Data Output B2 (J Keyboard 
to eliminate the effect of contact bounce. Data Output B1 (] Matrix 


ZC One integrated circuit required for complete Stabe Supa 


keyboard assembly. 


CL) Static charge protection on all input and Strobe Controt Input [] 
output terminals. Data & Strobe [J 


* . Invert Input 
L] Entire circuit protected by a layer of glass 
passivation. 


PACKAGE: 40-Pin D.LP. 





GENERAL DESCRIPTION 
The SMC KR2376- XxX is a2376-bit Read OnlyMemory any special interface components. 
with all the logic necessary to encode single pole The KR2376-XxX is fabricated with low threshold, 
single throw keyboard closures into a usable 9-bit P-channel technology and contains 2942 P-channel 


code. Data and strobe outputs are directly compatible |= enhancement mode transistors on a single monolithic 
with TTL/DTL or MOS logic arrays without the use of chip, available in a 40 pin dual-in-line package. 





TYPICAL CONNECTION OF KR2376-XX 


YO Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Y10 


KR2376-XX 2 Te1 
18600 Oa Se a eal or Far OP Sco) cb ods to ape k een a 
Veg ——>—4 3 
Venp yy sokHz | 128. | 
Veo —>—} 
| FREQUENCY 
{ CONTROL 


11 BIT | 1BITCoMPARATOR cae 
11 STAGE RING COUNTER 


2376 BIT ROM 
(9 BIT x 88 KEYS x 3 MODE) 


L/MOS 





















SHIFT INPUT 


CONTROL INPUT 


STROBE 
CONTROL INPUT. 









































88 SPST KEYBOARD SWITCHES 


Voc Voc | 
YOU ~ ¥1 


DATA & STROBE 20 
INVERT INPUT 












PARITY _§ COMPATIBLE OUTPUT DRIVERS TYPICAL SWITCH 
INVERT INPUT 
EXAMPLE 
STROBE OUTPUT B8 B7 B6 BS B4 B3 B2 BI 
PARITY OUTPUT Nr Pe ay 
Fi 1 DATA OUTPUTS *  R1 (680KQ), C1 (.001;4) provide approx. 1.5 ms delay 
os ‘ {see figure 5) 
ig ** R2 (100KQ), C2 (S0pf) provide SOKHz clock frequency 
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MAXIMUM GUARANTEED RATINGSt 


Operating Temperature Range ............ cece cc cee cece eee e tere ee cteeeeees 0°C to +70°C 
Storane Temnerature Range ...............---- sud eee a dda danaishale Weel dia eace —65°C to +150°C 
GND and Vaa, with respect to VoC .. 2... ccc ccc cece eect e eee ec cence eeuace —20V to +0.3V 
Logic Input Voltages, with respect to VeC.... 6 eee cc eee eee eee cet n teens —20V to +0.3V 





+ Stresses above those listed may cause permanent damage to the device. Thisis astress rating only 
and functional operation of the device at these or at any other condition above those indicated in 


the operational sections of this specification is not implied. 


ELECTRICAL CHARACTERISTICS 


(Ta = 0°C to +70°C, Vcc = +5V +0.5V, Vac = —12V +1.0V, unless otherwise noted) 








Characteristics Min Typ 
20 50 





CLOCK 


DATA INPUT 
Logic “0” Level 
Logic “1” Level 
Input Capacitance 
INPUT CURRENT 
*Control, Shift & YO 
thru Y10 10 100 
“Control, Shift & YO 
thru Y10 5 30 
Data Invert, Parity Invert 01 
DATA OUTPUT & X OUTPUT 
Logic “0” Level 
Logic “1” Level Vec-1.0 
POWER CONSUMPTION 140 


Vcc-1.5 


SWITCH CHARACTERISTICS 
Minimum Switch Closure 
Contact Closure Resistance 

between X71 and Y1 
Contact Open Resistance 


between X1 and Y1 1x 10° 





see timing diagram-fig. 2 


Max Unit Conditions 
100 KHz_ see fig.1 footnote (**) for typical 
R-C values 
+0.8 V 
Vv 
10 pf 
140 UA Vin=+5.0V 
50 HA Vin= Ground 
1 HA Vin=—5.0V to +5.0V 
+0.4 V lot = 1.6mA (see fig. 7) 
Vo tloH=100 vA 
200 mW Nom. Power Supp. Voltages 
(see fig. 8) 
300 Ohm 
Ohm 








*Inputs with Internal Resistor to Vac 


DESCRIPTION OF OPERATION 


The KR2376-XX contains (see Fig. 1), a 2376-bit 
ROM, 8-siage and 11-stage ring counters, an 11-bit 
comparator, an oscillator circuit, an externally 


address is formed by combining the Shift and 
Coniroi inputs with ine two ring counters. 
The external outputs of the 8-stage ring counter 


controllable delay network for eliminating the effect 
of contact bounce, and TTL/DTL/MOS compatible 
output drivers. 

The ROM portion of the chip is a 264 by 9-bit 
memory arranged into three 88-word by 9-bit 
groups. The appropriate levels on the Shift and 
Control inputs selects one of the three 88-word 
groups; the 88-individual word locations are 
addressed by the two ring counters. Thus, the ROM 


and the external inputs to the 11-bit comparator are 
wired to the keyboard to form an X-Y matrix with the 
88-keyboard switches as the crosspoints. In the 
standby condition, when no key is depressed, the 
two ring counters are clocked and sequentially 
address the ROM; the absence of a Strobe Output 
indicates that the Data Outputs are ‘not valid’ at 
this time. 
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When a key is depressed, a single path is completed 
between one output of the 8-stage ring counter 
(XO thru X7) and one input of the 11-bit comparator 
(YO-Y 10). After a number of clock cycles, acondition 
will occur where a level on the selected path to the 
comparator matches a level on the corresponding 
comparator input from the 11-stage ring counter. 
When this occurs, the comparator generates a 
signal to the clock control and to the Strobe Output 
’ “(via the delay network). The clock control stops the 
clocks to the ring counters and the Data Outputs 


(B1-B9) stabilize with the selected 9-bit code, 
indicated by a ‘valid’ signal on the Strobe Output. 
The Data Outputs remain stable until the key is 
released. 

As an added feature two inputs are provided for 
external polarity control of the Data Outputs. Parity 
Invert (pin 6) provides polarity control of the Parity 
Output (pin 7) while the Data and Strobe Invert 
Input (pin 20) provides for polarity control of Data 





- Outputs BT thru Bé (pins 8 thru 15) and the Strobe 


Output (pin 16). 


SPECIAL PATTERNS 


Since the selected coding of each key is defined 
during the manufacture of the chip, the coding can 
be changed to fit any particular application of the 
keyboard. Up to 264 codes of up to 8 bits (plus one 
parity bit) can be programmed into the KR2376-XX 


ROM covering most popular codes such as ASC11, 
EBCDIC, Selectric, etc., as wellas many specialized 
codes. The ASC11 code is available as a standard 
pattern. For special patterns, use Fig. 9. 


TIMING DIAGRAM 


SWITCH 
CLOSURE 


<b 


Y KEYBOARD 
MATRIX OUTPUT 


STROBE OUTPUT 





SWITCH 
a 


}+<——_——— MINIMUM SWITCH CLOSURE > 


88 CLOCK CYCLES STROBE WIDTH 
[SWITCH STROBE SWITCH 
' <—— BOUNCE DELAY je STO 
ee ee aan eee 


| 
| 
| 
| | 
| 


Voc | 
i 





—> Sus 
DATA 


VALID 


MINIMUM SWITCH CLOSURE = SWITCH BOUNCE + (88*'%) + STROBEDELAY + STROBE WIDTH 


MAXIMUM 


DETERMINED DETERMINED BY MINIMUM TIME 


EXPECTED BY FREQUENCY EXTERNAL RC -REQUIRED BY 


OF OPERATION EXTERNAL 
(EXTERNAL RC) CIRCUITRY 
Fig. 2 


POWER SUPPLY CONNECTIONS FOR 
TTL/DTL OPERATION 


-12V +5V Gnd 










TTL/DOTL TTL/DTL 
LOGIC OR | INPUTS OUTPUTS | LOGIC OR 
SMC LOW KR2376-XX SMC LOW 

VOLTAGE VOLTAGE 
MOS LOGIC MOS LOGIC 


POWER SUPPLY CONNECTIONS FOR 
MOS OPERATION 


-17V 


Gnd 
Vec |, Vonp 






Vac 





FROM HIGH OR 
LOW VOLTAGE | INPUTS OUTPUTS | OP Tow. 
MOS OR TTL/DTL KR2376-XX VOLTAGE 
REFERENCED MOS 
TO -5V 


Fig. 3 


OUTPUT DRIVER & “X” OUTPUT STAGE 
TO KEYBOARD 


Ves Venp 


IN 


“Y” INPUT STAGE FROM KEYBOARD 


Vac 


wy To 
KEYBOARD INTERNAL 
INPUT GATING 
T 


STATIC CHARGE —- Vic nue 
PROTECTION DEVICE IN 


Fig. 4 
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TYP. OUTPUT 
STROBE OSCILLATOR ON RESISTANCE TYP. POWER 
DELAY FREQUENCY VS. GATE CONSUMPTION 
VS. C, VS. C. BIAS VOLTAGE VS. TEMPERATURE 


200 1 160 aemees/, 160 Pe taunt 
i i H H A : : 
\ | R = 100KQ | In = 100uA | i Nom. Supp. Voltaae 


vAT EN j : | i i Vee = +5V 
180 Er —— Vag = -12V 




















Nom. Supp. Voltage 
i i 





t 
| 















140 





8 











CAPACITANCE 
TYP. POWER - mW 





130 


+ - 


CAPACITANCE - pf 














+ 




















| 
gba a ee oL [Li tj ij 4 120 


0 2 40 6 80 100 35 30 2 2 15 10 5 0 10 20 30 40 50 60 70 
DELAY - msec FREQUENCY - KHz Ves - Volts TEMPERATURE - °C 


Fig. 5 Fig.6 Fig.7 Fig.8 








CODE ASSIGNMENT CHART DATA (B1-B8) INVERT 
KR2376-ST TRUTH TABLE 


8 Bit ASCII, odd parity DATA&STROBE CODE. DATA 
INVERT INPUT ASSIGNMENT OUTPUTS 
(Pin 20) CHART —_(B1-B8) 


1 


on-0 


1 
0 1 
1 0 
0 0 





STROBE INVERT 
TRUTH TABLE 
DATA & STROBE STROBE 


INVERT INPUT = =INTERNAL = OUTPUT 
(Pin 20) STROBE (Pin 16) 





o-0- 
=O08 
=a-0O0 


PARITY INVERT 
TRUTH TABLE 
PARITY CODE ___ PARITY 


INVERT INPUT ASSIGNMENT OUTPUT 
(Pin 6) CHART (Pin7) 


1 0 





ono 


1 1 
0 1 
0 0 





MODE SELECTION 








Onn wi 
aaoo 
i 
anaz 


= INVALID (SPURIOUS DATA) 
Fig.9 
4 3 7 
Nsc eee PARITY BIT 
bel 
are | 12345678 9 
#1-+-------- @ - 8 --m—> NORMAL WN = Normal Mode 
Y9 i Se leeteiesinetaaimetentnementian = - — ——> SHIFT S = Shift Mode 
=e ee m@ —-—-— — CONTROL C = Control Mode 
' ’ ® = Output Logic "1" (see data B1-B8) 
(Code representative of key depression at Logic “1” = +5.0V 
location XO-Y9 and proper mode selection} Logic “O" = Ground 
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STANDARD MICROSYSTEMS KR3600-XX 


a R3600 St 
KR3600-STD 
KR3600-PRO 


Keyboard Encoder Read Only Memory 





FEATURES _ See PIN CONFIGURATION... sss s— (as 
= Data output directly compatible with TTL 
= N Key rollover or lockout operation Function 
= Quad mode Option 1 Xe 
# Lockout/rollover selection externally selected as option Option See 2 Xi 
™ On chip-master/slave oscillator . Option |. ssignment | Xe 
# All 10 output bits available Option Chart” 4 Xs 
= Fully buffered data outputs Option | 5 Xe 
« Output enable provided as option Data Output BS 5 me 
= Data compliment control provided as option Date CuIpat Be f a 
«= Pulse or level data ready output signal provided as an option aie ae af : a 
ws Any key down output provided as an option Data Output BS Delay Nede input 
= Contact bounce circuit provided to eliminate contact bounce Data Output B4 Vee 
= Static charge protection on all input/outputs Data Output B3 Shift Input 
a Pin for Pin replacement for G! AY-5-3600 Data Output B2 Control! Input 
Data Output B1 Veco 

GENERAL DESCRIPTION Voo Yo 

The SMC Microsystems KR3600-XX is a Keyboard Encoder Data Ready Ye 
containing a 3600 bit read only memory and all the logic Yo Yr 
necessary to encode single pole single throw keyboard Yi Ye 
closures into a 10 bit code. Y2 Ys 


The KR3600-XxX is fabricated with a low voltage p channel Y3 
technology and contains the equivalent of 5000 transistors ona 
monolithic chip in a 40 lead dip ceramic package. 





enue aus ey BLOCK DIAGRAM 





[ EXTERNAL CLOCK 
INPUT (OPTION) 




































Yee >2h : 
hanes: 10 BIT COMPARATOR } CONTROL 
Vee >224 

| PEELE 

: RING COUNTER 

| oe 

ee 

| 

| 


TIMING 
4 acusey for 


= 
=z 
= 
— 
o 
bed 
w~ 


SHIFT 






CONTROL 





ANY KEY DOWN 
OuTPUT KEYBOARD 
SWITCHES 







COMPLEMENT TTL/DTL/MOS 
CONTROL COMPATABLE CHIP ENABLE (OPTION) 
GUTPUT ORIVERS 





(OPTION) | 
L _t<— LOCKOUT/ ROLLOVER (OPTION) 


BID B9 BB B7 8685 8483 B2 BI NOTE: REFER TO FIG.1 FOR OPTION PIN SELECTION. 
Ri (100K 2), Cl (45—F} PROVIDES APPROX. SOKHZ CLOCK FREQ. 
#4 C2 (300RS DELAY/ CPF) R2 SUPPLIED INTERNALLY. 
433 4% DIODES NECESSARY FOR COMPLETE nKEY ROLLOVER OPERATION. 


DESCRIPTION OF OPERATION 


The KR3600 contains a 3600 bit ROM, 9-stage and 10-stage ring counters, a 10 bit comparator, timing 
circuitry, a 90 bit memory to store the location of encoded keys for n key rollover operation, an externally controllable 
delay network for eliminating the effect of contact bounce, an output data buffer, and TTL/DTL/MOS compatible 
output drivers. 

Ine HOM portion of ine cnip is a 56U Dy 1U Dit MeMory arranged into four YU-word Dy 1U-bit groups. Ine 
appropriate levels on the Shift and Control Inputs selects one of the four 90-word groups; the 90-individual word 
locations are addressed by the two ring counters. Thus, the ROM address is formed by combining the Shift and Control 
Inputs with the two ring counters. 


The external outputs of the 9-stage ring counter and the external inputs to the 10-bit comparator are wired to 
the keyboard to form an X-Y matrix with the 90-keyboard switches as the crosspoints. In the standby conditions, when 
no key is depressed, the two ring counters are clocked and sequentially address the ROM, thereby scanning the key 
switches for key closures. 

When a key is depressed, a single path is completed between one output of the 9-stage ring counter (XO thru 
X8) and one input of the 10-bit comparator (Yo-Y9). After a number of clock cycles, a condition will occur where a 
level on the selected path to the comparator matches a level on the corresponding comparator input from the 
10-stage ring counter. 

N KEY ROLLOVER — When a match occurs, and the key has not been encoded, the switch bounce delay network 
is enabled. If the key is still depressed at the end of the selected delay time, the code for the depressed key is transferred 
to the output data buffer, the data ready signal appears, a one is stored in the encoded key memory and the scan 
sequence is resumed. If a match occurs at another key location, the sequence is repeated thus encoding the next key. 
If the match occurs for an already encoded key, the match is not recognized. The code of the last key encoded 
remains in the output data buffer. 

N KEY LOCKOUT — When a match occurs, the delay network is enabled. If the key is still depressed at the end of 
the selected delay time, the code for the depressed key is transferred to the output data buffer, the data ready signal 
appears and the remaining keys are locked out by halting the scan sequence. The scan sequence is resumed upon 
key release. The output data buffer stores the code of the last key encoded. 

SPECIAL PATTERNS — Since the selected coding of each key and all the options are defined during the 
manufacture of the chip, the coding and options can be changed to fit any particular application of the keyboard. Up 
to 360 codes of up to 10 bits can be programmed into the KR3600 ROM covering most popular codes such as ASCH, 
EBCDIC, Selectric, etc., as well as many specialized codes. 


CUSTOM CODING INFORMATION 
The custom coding information for SMC’s 
3600 Bit Keyboard Encoder ROM should 
be transmitted to SMC. The Truth Table 
should be completed on the format supplied. ..;: 


LEGEND 
CC = Complement Control 
AKO = Any Key Down Output 
B10 = B10 (Data) Output 
LO/RO = Lockout/Rollover 
CE = Chip Enable 
Internal Clock = Self Contained Oscillator 
External Clock = External Frequency Source 





Pin 1 Pin 2 


OPTION SELECTION/PIN ASSIGNMENT 
FIGURE 1 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ............ 2... cece ene eee nee eae O°Cto +70°C 
Storage Temperature Range... ...... 0... cc cece eee cence teen eeees —55°C to + 150°C 
Lead Temperaiure (soldering, 10 sec.)... 1... 0. cece ee eens +325°C 
Positive Voltage on any Pin, Veco... 0. cc eee teen nett eee eee eens +0.3V 
Negative Voltage on any Pin, Vee «1. eee eect eee teen eee —25V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other condition above those indicated in the 
operational sections of this specification is not implied. 


ELECTRICAL CHARACTERISTICS 
(T,=0°C to 70°C, Vec= +5V +5%, Veg =—12V £1.0V, Vpp = GND, unless otherwise noted) 


Characteristics 


Clock Frequency 


External Clock Width 


Data & Clock Input 

(Shift, Control, 
Compliment Control, 

Lockout/ Rollover, 
Chip Enable 

& External Clock) 
Logic ‘‘0” Level 
Logic ‘1” Level 
Shift & Control Input 

Current 


X Output (Xo-X3) 
Logic ‘1” Output Current 


Logic “0” Output Current 


Conditions 


See Block diagram footnote* 
for typical R-C values 


Vin= +5V 


Vour =Vec (See Note 2) 
Vout = Vec—1.3V 

Vout = Vec—2.0V 

Vout = Vec—5V 

Vout = Vec—10V 

out = Vee 

Vout = Vec—1.3V 

Vour = Vec—2.0V 

Vout = Vec—5V 

Vour = Vec—1 OV 


Y Input (Yo-Yo) 
Trip.Level Y Input Going Positive (See Note 2) 
Hysteresis (See Note 1) 
Selected Y Input Current Vin= Vee 
Vin = Vec—1.3V 
Vin = Vec—2.0V 
Vin = Vec—4.0V 
Unselected Y Input Current Vin=Vec 
Vin = Vec—1.3V 
Vin = Vec—2.0V 
Vin = Vec—5V 
Vin = Vec—1 OV 


Input Capacitance 


Switch Characteristics 
Minimum Switch Closure 
Contact Closure 


Resistance Zcc = 
Zco > 
Strobe Delay ~ FS 
Trip Level (Pin 31) & 
Hysteresis (See Note 1) us 
Quiescent Voltage (Pin 31) With Internal Switched Resistor 
Data Output (B1-B10), 
Any Key Down Output, 
Data Ready 
Logic “0” lo = 1.6m A 
Logic “1” lox =1.0mM A 
lon = 2.2m A 
Power 
lee Vee =+ 5V 





at OV (All Inputs) - 


See Timing Diagram 


**Typical values are at +25°C and nominal voltages. 
NOTE 


1. Hysteresis is defined as the amount of return required to unlatch an input. 
2. Precharge of X outputs and Y inputs occurs during each scanned clock cycle. 
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SWITCH SWiTCH 








CLOSURE RELEASE 
TIMING DIAGRAM MINIMUM SWITCH CLOSURE 
90 CLOCK CYCLES 
= ice 
cLosune [| for, | ‘ 
' CLUCK , j 
My “1 crcLes 
{ 
DATA READY T 
STROBE Li 
n 
ie ROLLOVER 
DATA 14 1 
OUTPUT it i 
| rutedeeo j 
Boat tio ' 
| u i oe oe i RESETS AT FIRST Xo Yo 
AND OWN rat AFTER FIRST Xi Y1 
OUTPUT oe Pied 
| | RESUME SCAN FOR—= 
| 


n KEY ROLLOVER RESUME SCAN FOR 


n KEY LOCKOUT 
MINIMUM SWITCH CLOSURE = SWITCH BOUNCE + (90x+) + STROBE DELAY + STROBE WIOTH 


Y 


MAXIMUM DETERMINED BY 
EXPECTED EXTERNAL C 
DETERMINED MINIMUM TIME 
BY FREQUENCY REQUIRED BY 
OF OPERATION EXTERNAL 
(EXTERNAL RC) CIRCUITRY 
"Y" INPUT STAGE FROM KEYBOARD "X'' OUTPUT STAGE TO KEYBOARD 
Vee Veo 












Lge 
eevRoAieD INTERNAL 
INPUT GATING TO KEYBOARD 
eines I eV cnunrER r 
00 
STATIC 
OEVICE cc INPUT DEVICE 
Vee 
OUTPUT DRIVER 
OUTPUT 
NOTE: Output driver capable of driving one 'NPUT T STATIC 
TTL load with no external resistor. SROTERTION 
Capable of driving two TTL loads using DEVICE 
an external 6.8K 22 resistor to Veg Voc Veo cc 
STROBE DELAY vs. Co OSCILLATOR FREQUENCY. vs.C, 
200 
R = 100K2 
T, = 25°C 


NOMINAL SUPPLY 
VOLTAGE 


CAPACITANCE (/+F) 


CAPACITANCE (pF) 
8 
is 





DELAY (mS) 


436 0 20 40 60 80 100 
FREQUENCY (KHz) 
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Options: 


internal oscillator (pins 1, 2, 3) 
Any key down (pin 4) positive output 


N key rollover only 


Normal 
B-12345678910 


1 1000111001 
q 1000110101 
a 1000010101 
z 0101110101 
HT 1001000001 
H 0001000101 
+ 1101011001 
SO 0111001001 
p 0000110101 
1 1000111001 
2 0100111001 


s 1100110101 

x 0001110101 
RS 0111100001 
% 1010011001 

m 1011010101 
SI 1111000001 

n 0111010101 

2 0100111001 

3 1100111001 

e 1010010101 

d 0010010101 

© 1100010101 

— 1111100100 

$ 0010011001 

L 0011000101 
US 1111100001 
6 0110111001 

k 1101010101 

4 0010111001 

r 0100110101 
0110010101 

SP 0000011000 
CAN 0001101000 
CR 1011000001 
4101111101 

VT 1101000000 
1110111001 
0100011001 
1010111001 
0010110101 
1110010101 
0110110101 
1100000001 
1011111101 
1111111001 
1011011001 
1001011001 
0000011001 
0110111001 
1001110101 
0001010101 
0100010101 
0101111001 
0111111001 
1101111001 
0000000001 
0101011001 
1000011001 
1110111001 
1010110101 
0101010101 
0111010101 
1011111000 
0011111001 
0000110101 
0000111001 
0110011001 
1100011001 
0001111001 
1001010101 
1101010101 
1011010101 
1111011001 
1110011001 
0101000000 
1011111001 
0011001001 
{ 0001011001 
9 1001111001 
© 1111010101 
1 0011010101 
, 0011011001 
. 0111011001 
; 1101111001 
} 1011100101 
- 1011011001 
0 0000111001 
9 1001111001 


“I 


5 
t 
g 
v 
ETX 


on 
Ve. ooK oD | ow 


Zz 
Cc 
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Shift 
B-12345678910 


< 0011111001 
Q 1000100101 
A 1000000101 
Z 0101100101 
HT 1001000001 
H 0001000101 
+ 1101011001 
> 0111111001 
@ 0000000101 
1 1000011001 
@ 0000000101 


S 1100100101 
X 0001100101 
RS 0111100001 
% 1010011001 
] 1011100101 
Si 1111000001 
A 0111100101 
” 0100011001 
# 1100011001 
E 1010000101 
D 0010000101 
C 1100000101 
— 1111100100 
$ 0010011001 
L 0011000101 


US 1111100001 


& 01100110014 
[ 1101100101 
$ 0010011001 
R 0100100101 
F 0110000101 
SP 0000011000 
( 0001011000 
CR 1011000001 
{ 1101111101 
VT 1101000000 
"1110011001 
“ 0100011001 
% 1010011001 
T 0010100101 
g 1110000101 
V 0110100101 
ETX 1100000001 
] 1011111101 
? 1111111001 
— 1011111001 
) 1001011001 
SP 0000011001 
> 0111111001 
Y 1001100101 
H 0001000101 
B 0100000101 
* 0101011001 
> 0111111001 
+ 1101011001 
NUL 0000000001 
* 0101011001 
1 1000011001 
& 0110011001 
U 1010100101 
J 0101000101 
N 0111000101 
= 1011111000 
< 0011111001 
P 0000100101 
) 1001011001 
& 0110011001 
# 1100011001 
* 0101011001 
1 1001000101 
K 1101000101 
M 1011000101 
2 1111111001 
” 0100011001 
LF 0101000000 
+ 1101011001 
< 0011111001 
( 0001011001 
( 0001011001 
O 1111000101 
L 0011000101 
, 0011011001 

. 0111011001 

: 0101111001 

{ 1101100101 
— 1111100104 
0 0000111001 
) 1001011001 


Pulse data ready signal 


437 


W-4440190107 —— 


KR3600-STD 


Control 
B-12345678910 


1 1000111011 

q 1000111111 

a 1000011111 

z 0101111111 
HT 1001000001 
H 0001000101 

+ 1101011001 
SO 0111000001 
NUL 0000000001 
SOH 1000000001 
2 0100111011 


s 1100111111 

x 0001111111 
RS 0111100001 
% 1010011001 
CR 1011000001 
St 1111000001 
SO 0111000001 
STX 0100000001 
3 1100111011 

e 1010011111 

d 0010011111 

ce 1100011111 

— 1111100100 

$ 0010011001 

L 0011000101 
US 1111100001 
ACK 0110000001 
DEL 1111111101 
4 0010111011 

r 0100111111 

f 0110011111 
SP 0000011000 
CAN 0001100000 
CR 1011000001 
1101111111 

VT 1101000000 
BEL 1110000001 
” 0100011001 
1010111011 
0010111111 
1110011111 
0110111111 
1100000001 
1011111111 
1111111011 
1011011001 
1001011001 
0000011001 
0110111011 
1001111111 
0001011111 
0100011111 
0101111011 
0111111091 
; 11011711011 


q 
<x< OM 


o 
ViigaKxo@ tw | wi 


Zz 
Cc 
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0101011001 
1000011001 
1110111011 
1010111111 
0101011111 
0111011111 
1011111010 
0011111011 
0000111171 
0000111011 
0110011001 
1100011001 
0001111011 


1101011111 
1011011111 
1111011001 
1110011001 
0101000000 
1011111001 
0011000001 
0001011001 
1001111011 
1111011111 
0011011111 
0011011001 
0111011001 
1101111001 
1011100101 
1011011001 

0 0000111001 
HT 1001000001 


r 


my 
- -OoOA TIT .~3 xe woe Mov Ilawcne » 


Powers 


Internal resistor to Voo on shift and control pins 
KR3600-STD outputs provides ASC II bits 1-6 on B1-B6, and bit 7 on B8 


0000000001 ~ 


1001011111 - 


Shift Control 


B-12345678910 


SUB 0101100001 
DLE 0000100001 
@ 0000000101 

P 0000100101 

1 1001000101 

H 0001000111 

+ 1101011011 
SO 0111000011 
NUL 0000000001 
SOH 1000000001 
ETB 1110100001 


--—w44014444- 0094100101... - 


A 1000000101 

Q 1000100101 
FS 0011100001 
% 1010011011 
CR 1011000001 
SI 1111000011 
SO 0111000001 
STX 0100000001 
NAK 1010100001 
DC3 1100100001 
B 0100000101 

R 0100100101 

A 0111100100 

$ 0010011011 

L 0011000111 
US 1111100011 
ACK 0110000001 
DEL 1111111101 
DC4 0010100001 
ENQ 1010000001 
C 1100000101 
SP 0000011000 
BS 0001000000 
M 1011000101 

K 1101000101 
VT 1101000010 
BEL 1110000001 
” 0100011011 
STX 0100000001 
EOT 0010000001 
D 0010000101 

S 1100100101 
ETX 1100000001 
N 0111000101 

[ 1101100101 

— 1011011011 

) 1001011011 
SP 0000011011 
SOH 1000000001 
DC1 1000100001 
E 1010000101 

T 0010100101 
SYN 0110100001 
Z 0101100101 

Y 1001100101 
NUL 0000000001 
* 0101011011 

1 1000011011 
ETX 1100000001 
BEL 1110000001 
F 0110000101 

U 1010100101 
~ 0111111100 
W 1110100101 

J 0101000101 
DC2 0100100001 
& 0110011011 

# 1100011011 
ESC 1101100001 
ACK 0110000001 
G 1110000101 

Vv 0110100101 

” 1110011001 

” 0100011001 
GS 1011100000 
+ 1101011001 
FF 0011000011 

( 0001011011 
EM 1001100001 
} 1011100101 

X 0001100101 

, 0011011011 

. 0111011011 

: 0101111001 

{ 1101100101 

— 1111100101 

0 0000111001 
HT 1001000001 
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KR 3600-ST 


Normal 
B-123456789 
SOO OCGs AGS 
= 101111010 
DC3 110010010 
— 101101001 
BS 000100010 
0 000011001 
® 011101001 
000000000 
000000000 
000000000 
111101010 
011101001 
001101010 
101101110 
011101110 
010001110 
011011110 
110001101 
000111101 
010111110 
010100001 
001110101 
111111110 
110110110 
111011010 
000111010 
100111001 
000000000 
000000000 
000000000 
110111010 
001101101 
110101110 
010101101 
000101110 
111001110 
011001101 
001001110 
110011110 
100001110 
000000000 
110111101 
101100010 
111001001 
001011010 
101011001 
011011001 


3yve~ 


r 
OONBOT KAN KO< OF 


ena.o Tur... 


G) 
~ Den 


Ons 


000011110 
111101101 
100101101 
101011110 
100111110 
001011101 
010011101 
101001101 
111011101 
100011101 
000000000 


QEMAn<XCW..OTD 


000000000 
DC2 010010001 
000000000 


1 100011010 
2 010011010 
3 110011001 
000000000 
000000000 


000000000 

0 000011001 
9 10011100i 
8 000111010 
7 111011010 
6 011011001 
5 101011001 
4 001011010 
3 110011001 
2 010011010 

1 100011010 
ooco00000 
000000000 
000000000 
000000000 
000000000 

SP 000001010 
000000000 
DC1 100010001 
HT 100100001 
ESC 110110001 


Options: Pin 1, 2, 3—internal oscillator 


Pin 4—Lockout (logic 1), rollover (iogic 0) 
Pin 5—Any key down output 


Shift 
B-123456789 


+ 110101001 
DC3 110010010 
— 111110101 
BS 000100010 
0 000011001 
© 011101001 
000000000 
000000000 
000000000 

2? 111111001 
> 011111010 
< 001111001 
M 101100101 
N 011100101 
B 010000101 
V 011010101 
C 110000110 
X 000110110 
Z 010110101 
LF 010100001 
+ 001111110 
DEL 111111110 
}] 101110110 
7 111011010 
8 000111010 
9 100111001 
000000000 
000000000 
000000000 

: 010111001 
L 001100110 
K 110100101 
J 010100110 
H 000100101 
G 111000101 
F 011000110 
D 001000101 
S 110010101 
A 100000101 
000000000 

} 101111101 
GR 101100010 
" 010001001 
4 001011010 
5 101011001 
6 011011001 
000000000 
000000000 
000000000 

P 000010101 
O 111100110 
t 100100710 
U 101010101 
Y 100110101 
T 001010110 
R 010010110 
E 101000110 
W 111010170 
Q 100010110 
000000000 


000000000 
DC2 010010001 
000000000 


4 100011010 
2 010011010 

3 110011001 
000000000 
000000000 
000000000 

) 100101010 

( 000101001 

* 010101010 

& 011001010 

A 011110110 
% 101001010 

$ 001001001 

# 110001010 
@ 000000110 

1 100001001 
000000000 
000000000 
000000000 
000000000 
000000000 

SP 000001010 
000000000 

DC1 100010001 
HT 100100001 
ESC 110110001 


All outputs complemented 
Level data ready 
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manne 


peewee ve 


GS 
DC3 
CR 
BS 


DLE 


CAN 
ETB 
SYN 
NAK 
DC4 
DC3 
DC2 
DC1 


Control 
B-123456789 


aanannan« 
PRP 1 


101110001 
110010010 
101100010 
000100010 
000011001 


011101001 


000000000 
000000000 
000000000 
111100001 
011100010 
001100001 
101100010 
011100010 
010000010 
011010010 
110000001 
000110001 
010110010 
010100001 
001110010 
111111110 
110110001 
111011010 
000111010 
100111001 
000000000 
000000000 
000000000 
110110001 
001100001 
110100010 
010100001 
000100010 
111000010 
011000001 
001000010 
110010010 
100000010 
000000000 
110110001 
101100010 
111000010 
001011010 
101011001 
011011001 
000000000 
000000000 
000000000 
000010010 
111100001 
100100001 
101010010 
100110016 
001010001 
010010001 
101000001 
111010001 
100010001 
000000000 
000000000 
010010001 
000000000 
100011010 
010011010 
110011001 
000000000 
000000000 
000000000 
000010010 
100110010 
000110001 
111010001 
011010010 
101010010 
001010001 
110010010 
010010001 
100010001 
000000000 
000000000 
000000000 
000000000 
000000000 
000000001 
000000000 
100010001 
100100001 
110110001 


Shitt/Control 


B-123456789 


nea 
say 


VT 
DC3 
US 
BS 


SUB 
FF 
VT 
LF 


BEL 
ACK 
EOT 
DC3 
SOH 


GS 
STX 


DEL 
Si 
HT 
NAK 
EM 
DC4 
DC2 
ENQ 
ETB 
DC1 


DC2 


HT 
BS 
LF 
ACK 


ENQ 
EOT 
ETX 
NUL 
SOH 


HT 
ESC 


naasannnas 
ware tamu 


110100010 
110010010 
111110010 
000100010 
000011001 
011101001 
600000000 
000000000 
000000000 
111110010 
011110001 
001110010 
101100010 
011100010 
010000010 
011010010 
110000001 
000110001 
010110010 
010100001 
001110010 
111111110 
101110001 
111011010 
000111010 
100111001 
000000000 
000000000 
000000000 
010110010 
001100001 
110100010 
010100001 
000100010 
111000010 
011000001 
001000010 
110010010 
100000010 
000000000 
101110001 
101100010 
010000010 
001011010 
101011001 
011011001 
000000000 
000000000 
000000000 
000010010 
111100001 
100100001 
101010010 
100110010 
001010001 
010010001 
101000001 
111010001 
100010001 
000000000 
oooc00000 
010010001 
000000000 
100011010 
010011010 
110011001 
000000000 
000000000 
000000000 
100100001 
000100010 
010100001 
011000001 
011110001 
101000001 
001000010 
110000001 
000000001 
100000010 
000000000 
000000000 
000000000 
000000000 
000000000 
000000001 
000000000 
100010001 
100100001 
110110001 


KR 3600-PRO 


Normal Shift Control Shift/Control 


000000000 001000000 010000000 011000000 
000000001 001000001 010000001 011000001 
000000010 001000010 010000010 011000010 
000000011 001000011 010000011 011000011 
000000100 001000100 010000100 011000100 
000000101 001000101 010000101 011000101 
000000110 001000110 010000110 011000110 
000000111 001000111 010000111" 011000111 
‘000001000 001001000 010001000 011001000 
000001001 001001001 010001001 011001001 
000001010 ..._._.___..001001010 010001010. ____..__. .011001010 = <f mee p Dees 
000001011 ~ 001001011 010001011 011001011 ‘ 
000001100 001001100 010001100 011001100 
000001101 - 001001101 010001101 011001101 
000001110 001001110 010001110 011001110 
000001111 001001111 010001111 011001111 
000010000 001010000 010010000 011010000 
000010001 001010001 010010001 011010001 
000010010 001010010 010010010 011010010 
000010011 © 001010011 010010011 011010011 
000010100 001010100 010010100 011010100 
000010101 001010101 010010101 011010101 
000010110 001010110 010010110 011010110 
000010111 001010111 010010111 011010111 
000011000 001011000 010011000 011011000 
000011001 001011001 010011001 011011001 
000011010 001011010 010011010 011011010 
000011011 001011011 010011011 © * 011011011 
000011100 001011100 010011100 011011100 
000011101 001011101 010011101 011011101 
000011110 001011110 010011110 011011110 
000011111 0010111411 010011111 011011111 
000100000 001100000 010100000 011100000 
000100001 001100001 010100001 011100001 
000100010 001100010 010100010 011100010 
000100011 001100011 010100011 011100011 
000100100 001100100 010100100 011100100 
000100101 001100101 010100101 011100101 
000100110 001100110 ; 010100110 011100110 
000100111 001100111 010100111 011100111 
000101000 001101000 010101000 011101000 
000101001 001101001 010101001 011101001 
000101010 001101010 010101010 017101010 
000101011 001101011 010101011 014101011 
000101100 001101100 010101100 011101100 
000101101 001101101 010101101 011101101 
000101110 001101410 010101110 0171101110 
*000101111 001101111 010101111 0141101111 
000110000 001110000 010110000 011110000 
000110001 001110001 010110001 011110001 
000110010 001110010 010110010 011110010 
000110011 001110011 010110011 011110011 
000110100 001110100 010110100 011110100 
000110101 001110101 010110101 011110101 
000110110 -001110110 010110110 011110110 
000110111 001110111 010110111 041110111 
000111000 001111000 010111000 011111000 
000111001 001111001 010111001 041111001: 
000111010 001111010 010111010 011111010 
000111011 001111011 010111011 011111011 
000111100 001111100 010111100 011111100 
000111101 0011411101 010111101 011111101 
000111110 0011141110 0101141110 011111110 
000111111 001111111 010111111 011111111 
100000000 101000000 110000000 111000000 
100000001 101000001 110000001 : 111000001 
100000010 101000010 110000010 111000010 
100000011 101000011 11000001 1 111000011 
100000100 101000100 110000100 111000100 
100000101 101000101 110000101 111000101 
100000110 101000110 110000110 111000110 
100000111 101000111 110000111 111000111 
100001000 101001000 110001000 111001000 
100001001 101001001 110001001 111001001 
100001010 101001010 110001010 111001010 
100001011 101001011 110001011 111001011 
100001100 101001100 110001100 111001100 
100001101 101001101 110001101 111001101 
100001110 101001110 110001110 111001110 
100001111 101001111 110001111 111001111 
100010000 101010000 110010000 111010000 
100010001 101010001 110010001 111010001 
100010010 101010010 110010010 111010010 
100010011 101010011 110010011 111010011 
100010100 101010100 110010100 111010100 
100010101 101010101 110010101 111010101 
100010110 101010110 110010110 111010110 
100010111 101010111 110010111 4111010111 
100011000 101011000 110011000 111011000 
100011001 101011001 110011001 111011001 








> 
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Options: Any key down (pin 5), positive output 
Internal oscillator (pins 1, 2, 3) Pulse data ready ; ; 
Lockout/rollover (pin 4), with internal resistor to VOD Internal resistor to VOD on shift & contro} pins 


Lockout is logic 1 
? 439 


DESCRIPTION 


The KR 3600 PRO is a MOS/LSI device intended tosimplify 
the interface of a microprocessor to a keyboard matrix. 
Like the other KR 3600 parts, the KR 3600 PRO containsall 
of the logic to de-bounce and encode keyswitch closures, 
wniie provicing eitner a 2-key or iN-key roiiover. 


The output of the KR 3600 PRO is a simple binary code 
which may be converted to a standard information code 
by a PROM or directly by a microprocessor. This permits 
a user maximum flexibility of key layout with simple 
fieid programming. 


The code in the KR 3600 is shown in Table |. The format 
is simple: output bits, 9, 8, 7, 6, 5, 4 and 1 are a binary 
sequence. The count starts at X0, YO and increments 
through XOY1, XOY2...X8Y9. Bit 9 is the LSB; bit 1 is 
the MSB. 


FIGURE 1 
KR 3600 PRO TYPICAL APPLICATION 
64 KEY, 4 MODE 


Any Key Down 


Data Ready 


Lockout xo 


63LS281 or Equiv. 


typical switch 
(N-key rollover} 


< 
& 
is] 
oO 
w 
Q 
Q 
1o) 


Bits 2 and 3 indicate the mode as follows: 


Bit 2  Bit3 
0 0 Normal 
S - Shine 
1 0 Control 
1 1 Shift Control 


For maximum ease of use and flexibility, an internal 
scanning osciliator is used, with pin selection of N-key 
lockout (also known as 2-key rollover) and N-key rollover. 
An “any-key-down" output is provided for such uses as 


repeat oscillator keying. 


Figure 1 shows a PROM-encoded 64 key, 4 mode applica- 
tion, using a256x8 PROM, and Figure 2a full90 key, 4 mode 
application, utilizing a 512x8 PROM. 


If N-key rollover operation is desired, it is recommended 
that a diode be insertedin series with each switch asshown. 
This prevents “phantom” key closures from resulting if 
three or more keys are depressed simultaneously. 


| FIGURE 2 
KR 3600 PRO TYPICAL APPLICATION 
90 KEY, 4 MODE 


Rotiover N Any Key Down 


Data Ready 


CODED DATA 


KR3600-PRO 
748473 or Equiv 


typical switch typical switch 
(N-key rollover) (2-key pie 


xt xl Ix 


fa ft = ~ 





STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 

tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 







Feserse TWX 50 a devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 


We keep ahead of our competition so you can keep ahead of yours. at any time in order to improve design and supply the best product possible. 
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STANDARD. MICROSYSTEMS 


——_—— 


MPU 3870 


LPC FAMILY 


Single Chip 8-Bit Microcomputer 


FEATURES 

LJ 2K bytes of mask programmable ROM memory 
L] 64 bytes of scratch pad RAM 

ZC 32 bits (4 ports) TTL compatible I/O 


[] Programmable binary timer 
interval timer mode 
pulse width measurement mode 
event counter mode 


(J External Interrupt Input 
_] Crystal, LC, RC, or external time base options 
L] Low Power (275 mW typical) 


GENERAL DESCRIPTION 


The MPU3870 is a complete 8-bit microcomputer 
on a single MOS integrated circuit. The MPU3870 can 
execute a set of more than 70 instructions. The 
MPU3870 features 2K bytes of ROM, 64 bytes of 
scraich pad RAM, a programmable binary timer, and 
32 bits of I/O. 

The programmable binary timer operates by itself 


MPU3870 BLOCK DIAGRAM 


Figure 1 XTL1— XTL2 


MEMORY AODRESS BUS 


- PINCONFIGURATION 


40 Voc 
39 RESET 
38 EXT INT 
37 P1-0 

36 Pi-i 
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in the interval timer mode or in conjunction with the 
external interrupt input in the pulse width measure- 
ment and the event counter modes of operation. Two 
sources of vectored, prioritized interrupt are provided 
with the binary timer and the external interrupt input. 
The user has the option of specifying one of four clock 
sources: crystal, LC, RC or external clock. 


EXT INT 


64x8 
SCRATCHPAD 
REGISTERS 


RESET & 


POWER ON 
CLEAR 
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1 O PORTS 


BINARY 


TIMER ACCUMULATOR 


PORT7 


7<«—8 BITS —» 0 


INTERRUPT . 
CONTROL PORT STATUS 


PORT 6 ee 


: 
alelels 


fo) 


ODMmN 
<DDPO 
za-u 


PARALLEL 
| OPORTS 


PORT 5 


KFpaxazona2- 
sor nymm™<o 


4< 58BITS »0 
INDIRECT 
SCRATCHPAD 


PORT 4 
1S 
PORT 1 ISU ISL 


5 32 0 
<@—6 BITS —» 


PORTO 


7 <— 8 BITS-—> 0 PROGRAM 
COUNTER 
PO 
POU POL 
1 87 0 
mm i28S —» 
STACK 
REGISTER 
W 87 0 
o—_ 112 BITS ———— 
DATA 
COUNTER 
\ oc 
ocu Oct 
i 87 Oo 
<+—— 12 BITS —— 
MPU 3870 : 
PROGRAMMABLE AUX DATA 
REGISTERS, PORTS, a 
AND MEMORY MAP 
Figure 2 1 87 0 


ees 12 ITS 


CPU REGISTERS 


SCRATCHPAD MEMORY 


SCRATCHPAD DEC HEX oci 


ADDRESS REGISTER 


9 a 
4 42 
B 13 
c 14 } 
is) 15 
E 16 
F 17 
3D 75 
3E 76 
3F 77 
7 << 8 BITS+ 0 
MAIN MEMORY 
DEC HEX 
0 oO 
1 1 
. 
; ; 
ROM 1022 3FE 
1023 StF 
e . 
. . 
* . 
2046 FE 
2047 7 
<«— AOM ToP 





MPU3870 MAIN MEMORY 


There are four address registers used to access main 
memory. These are the Program Counter (PQ), the Stack 
Register (P), the Data Counter (DC), and the Auxiliary Data 
Counter (DC1). The Program Counter is used to address 
instructions or immediate operands. The Stack Register is 
used to save the contents of the Program Counter during 
an interrupt or subroutine call. Thus, the Stack Register 
contains the return address at which processing is to resume 
upon completion of the subroutine or interrupt routine. The 
Data Counter is used to address data tables. The register 
is auto-incrementing. Of the two data counters, only Data 
Counter (DC), can access the ROM. However, the XDC 
instruction allows the Data Counter and Auxiliary Data 
Counter to be exchanged. 


442 


/O PORTS 


The MPU3870 provides four, 8 bit bidirectional Input/Out- 
put ports. These are ports 0, 1,4, 5. In addition, the Interrupt 
Control Port is addressed as Port 6 and the binary timer is 
addressed as Port 7. The programming of Ports 6 and 7 
and the bidirectional I/O pin are covered in the 3870 Technical 
Manual. The schematic of an I/O pin and available output 
drive options are shown in Figure 4. 


An output ready strobe is associated with Port 4. This flag 
may be used to signal a peripheral device that the MPU3870 
has just completed an output of new data to Port 4. The 
strobe provides a single low pulse shortly after the output 
operation is completely finished, so either edge may be used 
to signal the peripheral. STROBE may also be used as an 
input strobe to Port 4 after completing the input operation. 





MPU3870 CLOCKS 


The time base network used with the MPU3870 may be one The type of network which is to be used with the MPU3870 
of the four different types listed below. is to be specified at the time when mask ROM MPU3870 
devices are ordered. The time base specifications for 


rae each of the four modes are covered in the 3870 Technical 
RC Manual. 
External Clock 
MPU3870 ARCHITECTURE 
The basic functional elements of the MPU3870 are shown ough discussion of the architecture, instruction set, and other 
in Figure 1. Aprogramming model is shown in Figure 2. The features. 


__user is referred to the 3870 Technical Manual for athor- 





DESCRIPTION OF PIN FUNCTIONS 


| PINNO. | NAME DESCRIPTION FUNCTION 


P0-0-P0-7 
P1-0-P1-7 
P4-0-P4-7 
P5-0-P5-7 
STROBE 


3-6, 19-16 
37-34, 22-25 
8-15 
33-26 

_ 7 





EXT INT 


XTL1, XTL2 





1/0 Port 0 
VO Port 1 
- VO Port 4 
V/O Port 5 


Ready Strobe 


External Interrupt 
External Reset 


Time Base 


Test Line 








Power Supply 
Ground 


PO-0 through PO-7, P1-0 through P1-7, P4-0 through P4-7, and P5-0 through 
P5-7 are 32 lines which can be individually used as either TTL comparibie 
inputs or as latched outputs. 


STROBE is a ready strobe associated with I/O Port 4. This output pin, which 
is normally high, provides a single low pulse after valid data is present on 
the P4-0 through P4-7 pins during an output instruction. 


EXT INT is the external interrupt input. Its active state is software 
programmable. This input is also used in conjunction with the timer for pulse 
width measurement and event counting. 

RESET may be used to externally reset the MK3870. When pulled low the 
MK3870 will reset. When then allowed to go high the MK3870 will begin 
program execution at program location H ‘000’. 

XTL 1 and XTL 2 are the time base inputs to which a crystal, LC network, RC 
network, or an external single-phase clock may be connected. The time 
base network must be specified when ordering a mask ROM MK3870. The 
MK38P70 will operate with any of the four configurations. 

TEST is an input, used only in testing the MK3870. For normal circuit 
functionality this pin may be left unconnected, but it is recommended that 
TEST be grounded. 

+5 volt supply pin 


Ground 


1/0 PIN CONCEPTUAL DIAGRAM WITH OUTPUT 
BUFFER OPTIONS 


READ PORT 
LOAD PORT 


DATA BUS (WIRED-OR CONFIGURATION) 


Ports 0 and 1 are Standard Output type only 


Ports 4 and 5 may both be any of the three output options (mask programmable bit by bit) 
The STROBE output is always configured simifar to a Direct Drive Output except that it is capable of driving 3 TTL loads 


OUTPUT BUFFER OPTIONS 
(MASK PROGRAMMABLE) 


OUTPUT 
BUFFER 


_ 


STANDARD 
OUTPUT 


OPEN DRAIN 
OUTPUT 


DIRECT DRIVE 
OUTPUT 


RESET and EXT INT may have standard 6K1! (typical) pull-up or may have no pull-up (mask programmable} 
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ELECTRICAL SPECICATION? 


MPU3870 
OPERATING VOLTAGES AND TEMPERATURES 
Dash Operating Operating 
Number Voltage Temperature 
Suffix Voc a 








—00 +5V + 10%" 0°C-70°C 
—05 +5V+5% 0°C-70°C 
—10 +5V + 10%* — 40°C- + 85°C 
—15 +5V+5%* | ~ —40°C-+ 85°C 
See Ordering Information for explanation of 
part numbers. 
ABSOLUTE MAXIMUM RATINGS* 
—00, —05 -10, —15 
Temperature Under BiaS ........... 0. ccc cece ete nee renee nen ne nee eenes —20°C to +85°C = — 80°C to + 100°C 
Storage Temperature: «ci cose cadsag eee kes oleae ends WEE bee eon teense BATE —65°C to +150°C 1+ —65°C to + 150°C 
Voltage on any Pin With Respect to Ground 
(Except open drain pins and TEST) ......... 0... cece cece cee eee eee eee eee —1.0V to +7V —1.0V to +7V 
Voltage on TEST with Respectto Ground ........... 0... cece cece cee eee eee eees —1.0V to +9V —1.0V to +9V 
Voltage on Open Drain Pins With Respect to Ground ............. ccc cece eee ees ~1.0Vto+13.5V -—1.0Vto +13.5V 
Power Dissipation’ :.i.) cs 6sesu sisal a5 00: eea Dena eyes aw baaace dae @arennasen 1 dee 1.5W 1.5W 
Power Dissipation by any one VO pin... 0.2.0... ec cece nee eee eee eenes 6O0mW 60mW 
Power Dissipation by all /O pins ........... 0.0... cece eee cece eee eee eee eeenees 600mW 600mW 


*Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other condition above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


AC CHARCTERISTICS a V.cwithin specified operating range. I/O power SSC <100mW (Note 2) 


SIGNAL PARAMETER 
om | Base Period, all clock modes | 4MHz-2MHz 


External clock pulse width high 
External clock pulse width low a 


ae Ree Internal ® clock 


Internal WRITE Clock period a [Short Cycle 
6td Long Cycle 


Output delay from internal 1200 ns | 50pF plus 
WRITE clock tone TTL load 








Input apts time to intrenal 1000 
WRITE clock 





STROBE Output valid to STROBE delay 3td 3td 3th /O load = 
—1000) +250 +300 50pF +1 TTL load 
STROBE low time 8td 12t® 12td STROBE load = 
—250 | +250 +300 50pF + 3TTL loads 
ns 


RESET hold time, low 





RESET hold time, low for 
power clear 


EXT INT EXT INT hold time in active and So 6td To trigger 
inactive state + ee eee 1 oer interrupt 
To trigger timer 
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DC CHARACTERISTICS T,, V., within specified operating range 1/O power dissipation<100mW (Note 2) 


sm | ____eanaweren a [fw | we | conmmons 


| 58 | 24 | 58 | vi | 






ve External Clock input low level a 
lnex External Clock input high current | | 00 180 | WA LV ex=VOco 









re External Clock input low current | | -100| | -130 | WA [Vux=Ves 
Vuwo Input high level, I/O pins | 20 | 58 | 20 | 58 | V_ [Standard pull-up 




















| 20 | 132 | 20 | 132 | V_ [Opendrain(1) 
20. | s8_| 22 | 68 { v | 


Input high level, RESET = 


| 13.2 | aa ar 
Vise Input high level, EXT INT Pegi ga [osc ee ioe Standard pull-up 
| _| 20 | 132 | 22 [132 | V_ |[NoPullup 


Vu Input low level . | = 3 | 6 f=] 7 | 
he Input low current, all pins with —1.6 Vay = 0.4V 
standard pull-up resistor 
I Input leakage current, open drain +10 +18 pA ve =13.2V 
pins, and inputs with no pull-up resistor -5 —8 Vin = 0.0V 
Output high current pins Von =2.4V 
with standard pull-up resistor Vou =3.9V 
loro Output high current, direct drive pins Von = 2.4V 
= Be 3 ia Vou = 1.5V 
MA | Von =0.7V 


lous | STROBE Output High current ia 2 
[ly ____[Outputiew current ___ ef 6s || mA Wa 04y 
us ____ STROBE STROBE Output Low current 50 | | 45 | mA re =0.4V 


puts Open 







































TIMER AC CHARACTERISTICS 

Definitions: 

Error = Indicated time value — actual time value 
tpsc =t® x Prescale Value 


Interval Timer Mode: 
Single interval error, free running (Note 3) .... 6.6... n nee e nee n nen ene n een n ene ees +6 
Cumulative interval error, free running (Note 3). 2.0... ccc cece cee ce ete nent ease een e ee eeebenneeens 0 
Error between two Timer reads (Note 2) 2.0... 0... ccc ccc ccc cence cece eee e nent eee ene eeeeeeerbeneeees +(tpsc+t®) 
Start Timer to stop Timer error (NoteS 1,4) ...... 00. 0c cece cece cece e eee e teeter ete esse eennnees +t®to — (tpse+t®& 
Start Timer to read Timer error (Notes 1, 2) oak aaneiiidenas bebe Cede 4 oA ae Wo VES et CaM awa waeies beeee Se —5id to - - A +7t® 
Start Timer to interrupt request error (Notes 1,3) ......... 2. cece cee eee eee eee e eee e nee teeta neeennees ® to — 8td 
Load Timer to stop Timer error (Note 1) 0.0.00... c cece cece eee cece eee e eee e een eee een eeennes +t® to - - ee +2tb 
Load Timer to read Timer error (Notes 1, 2)... 2... cece ccc cece center eee nett neers etnnneees —5tb+to — (tpsc + Sth) . 
Load Timer to interrupt request error (Notes 1,3)... 0... cece cece cece nee nce e ee eee teen n eee eee eeeeeeeees — 2b to —-9P 
Pulse Width Measurement Mode: 
Measurement accuracy (Note 4) 0.00... . ccc ccc cece rennet enn e ene eee ee eee nee eens +t® to — (tpse + 2th) 
Minimum pulse width of EXTINT pin... 2.60... eee eee e eee eee ees Sisk Sago Se tine ania OSAP ER ETIG TR ye ARONA SUA SA eS 2tb 
Event Counter Mode: 
Minimum active time of EXT INT Pin .... 0.00. ccc eee ee nee eee nee een ee ee eet ee eee beeen eee eset ee eeeeeee 2to 
Minimum inactive time of EXTINT pin 2.2.6... cece cence een een nen ene e tence nee e eee e nee e ene eneees 2tb 
Notes: 


1. All times which entail loading, starting, or stopping the Timer are referenced from the end of the last machine cycle of the OUT or OUTS 
instruction. 

2. All times which entail reading the Timer are referenced from the end of the last machine cycle of the IN or INS instruction. 

3. All times which entail the generation of an interrupt request are referenced from the start of the machine cycle in which the appropriate 
interrupt request latch is set. Additional time may elapse if the interrupt request occurs during a privileged or multicycle instruction. 

4. Error may be cumulative if operation is repetitively performed. 
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INPUT/OUTPUT AC TIMING 





INTERNAL ‘ ; : ; CYCLE TIMING 
WRITE i | DEPENDS ON INSTRUCTION 


CLOCK 









IN OR 
* CYCLE TIMING fue PORT ADDR. 


SHOWN FOR | opcope | PLACED ON 










PORT DATA 
DRIVEN ON TO 


DATA BUS 


| 
NEXT 
| OP CODE | 


FETCHED 














4MHz EXTERNAL FETCHED| CATA BUS 
CLOCK 





PORT PINS 


A. INPUT ON PORT 40R 5 





































CYCLE TIMING 
INTERNAL DEPENDS ON INSTRUCTION 
WRITE 
CLOCK 

ane PORT ADDR. AccuMULATOR | NEXT 

oP cope | ON DATA CONTENTS OP CODE 

FETCH 
cErcuep| BUS ON DATA BUS CHED 
PORT PINS 
STROBE STAYS LOW 
(ACTIVE FOR PORT 4 ONLY) FOR TWO WRITE 
CYCLES 
B. OUTPUT ON PORT 40R5 
t1/0-$ 

INTERNAL 
WRITE 
CLOCK 

























NEXT 
OP CODE 
FETCHED 


PORT 
DATA ON 
BUS 





NEXT 
OP CODE 
FETCHED 





ts SALAS se 


OUTS 0,1 | ACC DATA 
FETCHED | ON BUS 


PORT PINS PORT PINS 


C. INPUT ON PORT 0 OR 1 D. OUTPUT ON PORT 0, 1 


i ee 
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AC TIMING DIAGRAM 


Internal & Clock 





- 440.Port-Output-—---—- 


ICPBIT2 0 
ICP BIT2 1 


Note: All measurements are referenced to vei max., Vipy min., Voy max., or Voy min. 





STROBE SOURCE CAPABILITY -18 
(TYPICAL AT Vcc = BV, Ta = 25°C) 
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STANDARD 1I/0 PORT SOURCE CAPABILITY 


(TYPICAL AT Vcc = 5V, Ta = 25°C) 





(TYPICAL AT Vcc = BV, Ta = 25°C) 





1/O PORT SINK CAPABILITY 
(TYPICAL AT Vcc = 5V, Ta = 25°C) 





MAXIMUM OPERATING TEMPERATURE VS. 


I/O POWER DISSIPATION 


PZ AZmMNVDCOM MoDCOH 


PZ AZmMyDCO Mowe 


PZ AzZmMyDMCO RXZ-N 





100 200 «4300 4400 500 600 1000 


PDI/O MW 





STANDARD MICROSYSTEMS 
CORPORATION 


36 Marcus Blvd, Hauppauge. NY 11788 
(516) 273-3100 TWX- 510-227-8898 


We keep ahead of our competition so you can keep ahead of yours. 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions, consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 





Package Ouuines 


14 LEAD | 16 LEAD | 18 LEAD | 20 LEAD 





14, 16, 18, 20 PIN HERMETIC PACKAGE 




















c EL L_[s| Las 
FE 2} is 221 018 ‘060 |.048| .060 Em) = 


-— [6000.00 10].00[ 10 9050 





re 








— 


| le 05 
TH ! | | | | | ci NOM " 
"Tt 0.100 TYP baa 0.040 TYP 
PIN SPACING 0,018, TYE, |. 600 aer—-| 















0.250 


| 


PIN NO 1 ID Ly 





0.340 £0025 





0.130 


14 LEAD PLASTIC DIP 








0.060 a [go 0.018 | 0.100 loos 075 


‘TYP ‘TYE TYP 
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| 


ALL UNITS INCHES UNLESS OTHERWISE SPECIFIED 


16 LEAD PLASTIC DIP 






18 LEAD PLASTIC DIP 


, 0 20 
0.139 


0.012"40.002 REF 








0.250 





0.340 40.025 





0.340 10.025 











24, 28, 40 PIN PLASTIC DIP 


fen: 1 IDENTIFICATION 






































.018 TYP 
.060 TYP 


120 120 
645 675 
210| | 





































a 











ALL UNITS INCHES UNLESS OTHERWISE SPECIFIED 
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STANDARD MICROSYSTEMS 





ALABAMA 

EMA 

309 Jordan Lane, N.W. 
Huntsville, AL 35805 
(205) 830-4030 


ARIZONA 
RELCOM inc. 
4314 E. Tonto St. 
Phoenix, AZ 85044 
(602) 893-1209 


AR 
Technology Sales Co. 
4851 Keller Springs Ad. 
ae Springs 


(609) 428-2440 


FLORIDA 

Lawrence Assoc. Inc. 
2151 N.W. 2nd Ave. 
Boca Raton, FL 33431 
(305) 368-7373 


Clearwater, 
(813) 584-8110 
GEORGIA 
EMA 

3596 Clairmont Ad., N.E. 


Atlanta, GA 30319 
(404) 329-0530 


IDAHO 
SDR? Products & Sales Co. 


14230 N.E. 8th Street 
Bellevue, WA 98007 
(206) 747-9424 


OWA 

Quantum Sales 

10800 Pll rp Letts 
{e12) 884-4700 


ILLINOIS 


METCOM Associates Corp. 


Two Talcott Road 
Park R , IL 60068 
(312) 1490 


KANSAS 
S.W. Woilard Co. 


Suite 
Dallas, TX 75248 
(214) 380-0200 


MAINE 
Cambridge St. 
Suite 8 


i A 01803 
(617) W318 


MARYLAND 
Robert Electronic Sales 
5525 Twin Knolis Rd. 
Suite 331 

Columbia, MD 21045 
(301) 995-1900 


MA 01803 
Bung MA 


MICHIGAN 

(Detroit) 

KRW Sales 

13570 Silver Lake Rd. 
ighton, Mi 48116 

(313) 476-6090 


1951 Oakclitf Dr. NE 
Grand Rapids, Ml 49306 
(616) 363-2925 


309 Jordan Lane, N.W. 
Huntsville, AL 35805 
(205) 830-4030 


MONTANA : 
SDR? Products & Sales Co. 


14230 N.E. 8th Street 
Bellevue, WA 98007 
(206) 747-9427 


NEBRASKA 
S.W. Wollard Co. 


(913) 898-6552 


NEVADA 
RELCOM Inc. 
4314 E. Tonto St. 
Phoenix, AZ 85044 
(602)'893-1209 


SALES REPRESENTATIVES 


‘NEW JERSEY 
Northern) 


(eer saree Riegorion ie 
-§50 Old Country Rd. 
‘Room 410 


Hicksville, NY 11801 
eo ee os bette 


BGR Assos 


* 3001D GREENTREE 


Burlington, MA 01803 
(617) 373-1313 


NEW MEXICO 
RELCOM Inc. 
4314 E. Tonto St. 


Hicksville, NY 11801 
516) 681-8746 
201) 622-4958 


Blvd. 
Bloomington, MN 55437 
(612) 884-4700 


OHIO 
Souther) 
& Associates 


Dayton, Or 486 


(813) 435-7733 


(810) 459-1767 


(rompson Associate 
Associates 
23718 Mer Mercantile Rd. 
Beachwood, OH 44122 
ce 831-6277 
810-427-9453 
OKLAHOMA 
Technology Sales Co. 


Dallas, TX 75248 
(214) 380-0200 


OREGON 

SDR? Product & Sales Co. 
6700 S.W. 105th 

Suite 311 - 

Beaverton, OR 97005 
(503) 641-7377 
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PENNSYLVANIA 
Eastern 


Soh Assoc. 
3001D Greentree 
Executive Campus 
Martton, NJ 08053 
(609) 428-2440 


ys ieee 
1151- B uy 

Dayton, aeie8 
(513) 435-7733 


RHODE ISLAND 
Mill-Bern Assoc., Inc. 
120 Cambridge St. 
Burlington, MA 01803 
(617) 273-1313 


SOUTH CAROLINA 
EMA 

3509 Momingside Dr. 
Raleigh, NC 27604 
(919) 781-4139 


SOUTH DAKOTA 
Quantum Sales 


10800 Normandale Bivd. 


Bloomington, MN 55437 
(612) 884-4700 
TENNESSEE 

Cor 


Rt. 8 Dogwood Village 
Jonesboro, TN 37689 
(615) 753-5844 


Sere 

MA 

309 Jordan Lane, N.W. 
Huntsville, AL 35805 
'205) 830-4030 


TEXAS 
El Paso) 


‘RELCOM Inc. 


4314 E. Tonto St. 
Phoenix, AZ 85044 
(602) 893-1209 


Technology Sales Co. 
4851 Keller Springs Rd. 
Suite 103 

Datilas, TX 75248 


ey) 380-0200 
(910) 860-5368 


Technology Sales Co. 
1111 West 10th St. 
Suite 206 

Austin, TX 78701 
(512) 476-9874 


UTAH 

Wescom Marketing, inc. 
7985 Vance Drive 

Suite 102 

Arvada, CO 80003 
(303) 422-7619 


VERMONT 

plan wvaag Inc. 
ambridge St. 

Suite 8 

Burlington, MA 01803 

(617) 273-1313 


VIRGINIA 

Robert Electronic Sales 
Suite 103 

7637 Hull St. 
Richmond, VA 23235 


| (804) 276-3979 


AREA SALES 
MANAGEMENT OFFICES 


SMC International 
35 Marcus Boulevard _ 
Hauppauge, NY 11788 
516) 273-3100 
X 510-227-8898 
TELEX 221646 


EASTERN AREA 

35 Marcus Boulevard 

Hauppauge, NY 11788 

(516) 273-3100 
510-227-8898 

TELEX 221646 


WESTERN AREA 
Turk Ent 


Enterprises 
2172 Dupont Dr, Patio Bldg. 
Ca 92715 


irvine, 
(714) 955-1575 
TWX 910-595-2635 


SOUTHERN AREA 

Microsystems Sales 

17070 Dallas Pkwy. 

Suite 109 

Dallas, TX 75248 

G14) 931-5321 
910-860-9269 


NO. CENTRAL AREA 
Standard Micro Sales, Inc. 
P.O, Box 292497 

3411 Office Park Drive 


810-459-1617 





Mone Virginia) 
Thompson Associates 
23715 Mercantile Rd. 
Beachwood, OH 44122 
216) 831-6277 
810 427-9453 


WASHINGTON 

SDR? Products & Sales Co. 
14230 N.E. 8th Street 
Bellevue, WA 98007 

(206) 747-9424 


WASHINGTON D.C. 
Robert Electronic Saies 
5525 Twin Knolls Rd. 
Suite 331 

Columbia, MD 21045 
(301) 995-1900 


WISCONSIN 

(East) 

Metcom Associates Corp. 
237 S. Curtis Rd. 


W. Allis, WI53214 
(414) 476-1300 


) 
poe Sales 


10800 Normandale Bivd. 
Bloomington, MN 55437 
(612) 884-4700 


WYOMING 

SDR? Products & Sales Co. 
14230 N.E. 8th Street 
Bellevue, WA 98007 

(206) 747-9424 


PUERTO RICO 

Mill-Bern Assoc., Inc. 

G.P.0. Box 4543 

San Juan, Puerto Rico 00936 
(809) 792-1541 





INTERNATIONAL SALES REPRESENTATIVES AND enon 


Elektron Bauelemente 
und Gerate 

A-1011 Wien 
Singerstr, 2, 

1010 Vienna 
43-222-531185 

TLX: 847111198 


AUSTRALIA 

Total Electronics 

9 Harker St 

Burwood, Victoria 3125 


a har 4044 
: AA 31261 


arg 


Rue Fue Bogniecaaa 172-A 


B-1070 
32-2-523-629: 
TLX: 3621646 


BRAZIL 

Fiicres 

Rua Aurora, 165 
CEP 01209 

Caixa Postal 18767 


aoe Belgium 


TLX: 1131298 


DISTRIBUTORS 


ARIZONA 

Cetec Moltronics 
3617 N. 35th Ave. 
Phoenix, AZ 85017 
(602) 272-7951 


Kachina Electronic Dist. 
1425 N. 27th Lane 
Phoenix, AZ 85009 
(602) 269-6201 


Kachina Electronic Dist 
920 W. Grant Road 
Tucson, AZ 85705 
(602) 792-2223 


CALIFORNIA 
CSIC rnarit Hwy. 
10 E. Imperiai 
South Gate, CA 90280 
By 773-6521 
14) 521-7412 


Getec Moitronics 
721 Charcot Ave. 
San Jose, CA 95121 
(408) 263-7373 


Cetec Moltronics 
3940 Rutfin Rd. 

San ee CA 92123 
(714) 278-5020 


Diplomat Electronics, Inc. 


1283F Mt. View-Alviso Rd. 


Sunnyvale, CA 94086 
(408) 734-1900 


Diplomat/Westates Elec. 
3001 Redhill Ave. 

Bidg. 3-108 

Costa Mesa, CA 92626 
(714) 549-8401 


Diplomat/Westates Elec. 
20151 Bahama St. 
Chatsworth, CA 91311 
(213) 341-4411 


Diplomat/Westates Elec. 
9787 Aero Drive 

San oe CA 92123 
(714) 292 


NESCO 

P.O. Box 7840 

Van nae CA 91409 
(800) 423-2664 


NESCO 

1651 E. Edinger Ave. 
Suite 108 

Santa Ana, CA 92705 
(714) 541-6181 


Western Micro Sales 
10040 Bubb Road 
Cupertino, CA 95014 
(408) 725-1660 


CANADA 
(Ottawa) 

R.F.Q. Ltd. 

2249 Carling Ave. 

Suite 416 

Ottowa, Ontario 

Canada K28 7E9 
(613) 820-8445 
610) 562-1973 


(Toronto) 

R.F.Q. Lid. 

385 The West Mall 
Suite 251 
Etobicoke, Ontario 
Canada, M9C 1E7 


(416) 626-1445 
(610) 492-2540 


DENMARK 

Ta E air aS = 
lerup Byve} 

275D Ballerup 

Denmark 

45-2-658111 

TLX: 85535293 


FINLAND 
Havulinna 

Vitikka 1 

02630 ESPOO 63 
35805281 

TLX: 124426 


COLORADO 

Bell Industries 
Electronic Distributor Div. 
8155 W. 48th Ave. 
Wheatridge, CO 80033 
(303) 424-1985 


Diplomat Electronics, Inc. 
96 Iverness Dr., East 

Unit R 

Englewood, CO 80112 
(303) 740-8300 


A.C.T.—Rocky Mouniain 
4016 Youngfield Street 
Wheatridge, CO 80033 
(303) 422-9229 


CONNECTICUT 
Diplomat Electronics, Inc. 
52 Federal Road 
Danbury, CT 06810 

(203) 797-9674 


J.V. Electronics, Inc. 
690 Main Sireet 

East Haven, CT 06512 
(203) 469-2321 


Milgray/Connecticut 
378 Boston Post Road 
Orange, CT 06477 
(203) 795-0711 


FLORIDA 

Diplomat Electronics, Inc. 
2120 Calumet St. 
Clearwater, FL 33515 
(813) 443-4514 


Diplomat Electronics, Inc. 
115 Palm Bay Road 

Bldg. 200-Suite 10 

Palm Bay, FL 32905 
(305) 725-4520 


Milgray/Florida, Inc. 


| 1850 Lee Rd., Suite 104 


Winter Park, FL 32789 
B00} 647-5747 
800) 327-5262 


Components South 
oo N.W. 16th Lane 


ca 
'800) 432. 


GEORGIA 

Diplomat Electronics, Inc. 
6659 Peachiree Ind. Bivd. 
Suite B 

Norcross, GA 30092 
(404) 449-4133 


FRANCE 

Teklec Airtronic 
Cite Des Bruyeres 
Rue Carlie Vernet 
BP2 92310 Sevres 
33-1-534-7535 
TLX: 204552F 


GREAT BRITAIN 


Kingdom 
44-628-39735 
TLX: 851847898 


| HOLLAND 
| Auriema- Nederland BV 
Doornakkersweg 26 


5642MP Eindhoven 
Nederland 

Tel. 31-40-816565 
TLX: 84451992 


HONG KONG 

Protech 

Wah Sing St. 

Wah Sing Ind. Bldg. 

18F, Flat 1 

Kwai Chung, N.T. Kowloon 
Tel. 12-294721 

TLX: 38396 PLTD HX. 


Milgr ‘ay/Atlania 
unwoody Park, 
Suite 102 

Atlanta, GA 30338 


{00} 241-5523 


ILLINOIS 

Diplomat Electronics, Inc. 
1071 Judson St. 
Bensenville, IL 60106 
(312) 595-1000 


Mar-Con 

4836 Main Street 
Skokie, IL 60076 
(312) 675-6450 


Semiconductor Spec. inc. 
195 Spangler Ave. 
Elmhurst indus. Park 
Elmhurst, IL 60126 

(312) 279-1000 


KANSAS 
Milgray/Kansas City 
6901 West 63rd St. 
Overland Park, KS 66202 
(913) 236-8800 


MARYLAND 

Diplomat Electronics, Inc. 
9150 Rumsey Rd., Suite A6 
Columbia, MD 21045 
(301) 995-1226 


Milgray/Washington 
11890 Parklawn Dr. 
Rockville, MD 20852 


od 
(800) 638-6656 


Whitney Distributors, Inc. 
6707 Whitestone Road 
Baltimore, MD 21207 
(301) 944-8080 


Resco/Baltimore 
1026 Cromwell Bridge Rd. 
Baltimore, MD 21204 
301) 823-0070 
X 710-232-1819 


Resco/Washington 
10523 Ewing Rd. 
Beltsville, MD 20705 
(301) 937-9100 


MASSACHUSETTS 
Diplomat Electronics, Inc. 
Kuniholm Drive 
Holliston, MA 01746 
(617) 429-4120 


JV Elec. of Boston Inc. 
207A Cambridge St. 
ion, MA 01803 





‘Ba Burli 


INDIA 

FEGU, Inc. 
Electronics Div. 

3308 Middlefield Road 
Palo Alto, CA 94306 
(415) 493-1788 

TWX: 345599 


ISRAEL 

Vectronics, Lid. 

60 Madinat rena St. 
P.O. Box 202: 

Herzl ia A612 20 
052-56070 TLX: 342579 


ITALY 


Dott. Ing. Guiseppe 
De Mico S.P.A. 


- Mittorio Veneto 8 
20060 Cassina De Pecchi 


Milano, Italy 
02-95-20-551 TLX: 330869 


JAPAN 

Teijin Advanced Prod. Corp 
1-1 Uchisaiwai-Cho 

2 Chome, Chiyoda-Ku 


Tokyo 100 J 
506-4670-6 TLX: J23548 


i “ ray/New En gored 


errace Hall 
ton, MA. 01803 
(617) 272-6800 


RC Components 

10 Cornell Place 
Wilmington, MA 01887 
(617) 657-4310 


MINNESOTA 

The Joel Company 
8836 7th Ave. North 
Minneapolis, MN 55427 
(612) 545-5669 


Semiconductor Spec. Inc. 
1701 E. 79th St. 


MISSOURI 
Semiconductor Spec. Inc. 
3805 N. Oak Trafficway 
Kansas City, MO 64116 
(816) 452-3900 


NEW JERSEY 

Diplomat Electronics, Inc. 
490 South Riverview Dr. 
Totowa, NJ 07512 

(201) 785-1830 


Falk-Baker Assoc. 
382 Franklin Ave. 
Nutley, NJ07110 
(201) 661-2430 
(201) 661-2431 


hic le aberinide Valley 
3002 Greentree 
Executive Campus 
Martton, NJ 08053 

(609) 983-5010 

800) 257-7808 

800) 257-7111 


NEW MEXICO 

Bell Industries 

Century Electronic Div. 
11728 Linn N.E. 
Albuquerque, NM 87123 
(505) 292-2700 


NEW YORK 
Diplomat Electronics 
110 Marcus Dr. 
Melville, NY 11747 
(516) 454-6400 


Diplomat Electronics 
4610 Sey (aes 
Liverpool, 

(315) 652-5000 


453 


Kortronics Enterprise 


*C-Block 
#604-1,Guro-Dong,Guro-Gu. 





NORWAY 

National Elektro A/S 
Trade Division 
Ulvenveien 75 

P.O. Box 53, Oekern 

N. Oslo, 5, Norwai 
02-644970 TLX: 71265 


SOUTH AFRICA 
Eagle Electric 
31-41 Hout Street 


Capetown 8000 
Republic of South Africa 
451421 

TLX: 960570713 


SOUTH KOREA 


Seoul 

634-5497 

TLX: MICROSK28484 
SPAIN 

Amitron S.A. 


Loeches, 6 
Madrid 8, Spain 
34-1-2485863 


TLX: 83145550 


Current Components 
215 Marcus Bivd. 
Hauppauge, NY 11788 
(516) 273-2600 


ADD Electronics 

7 Adler Drive 

E. Syracuse, NY 13057 
(315) 437-0300 


Milgray Electronics, Inc. 
191 Hanse Ave. 
Freeport, NY 11520 
(516) 546-5600 


Milgray/Upstate NY 
57 Monroe Ave. 
Pittsford, NY 14534 
(716) 385-9330 


OHIO 

Applied Data Management 
435 Dayton St. 

Cincinnati, OH 45214 
(513) 579-8108 


' Milgray/Cleveland 


6155 Rockside Rd. 
Cleveland, OH 44131 
216) 447-1520 
800) 321-0006 
(800) 362-2808 


OKLAHOMA 
cuamy Components 
21st St. 
Tulsa, OK 74129 
(918) 664-8812 


PENNSYLVANIA 
QED Electronics, Inc. 
300 North York Road 
Hatboro, PA 19040 
(215) 674-9600 


‘Semiconductor Spec. Inc. 


1000 R.1.D.C. Plaza 
Suite 206 


Pittsburgh, PA 15238 


(412) 963-7241 


TEXAS 

Quality Components, Inc. 
4257 Kellway Circle 

P.O. Box 819 

Addison, TX 75001 

(214) 387-4949 


Quality Components, Inc. 
6126 Wesiline 

Houston, TX 77036 
(713) 772-7100 


ae: Inc. 
oar 
Austin, x78 78758 
) 835-0220 


(512 


APPLICATIONS CENTER 


FAR EAST 
SMC International 
6F-1, 323 


roth Mea 
ee. Taiwan 
R.O.C. 


02-946-9666 __ 
TLX: 31310 HSI SHEMG 
SWEDEN 
NAXAB 
-Box'4115 


17104 Soina, Sweden 
08-98-51-40 TLX: 17912 





Datacomp AG 

Zurchestr 20 

CH-8952 Schlieren, Zurich 
41-1-7302165 TLX: 


TAIWAN 

Multitech Int'l F 

977 Min Shen E. Road 
Taipei 105 Taiwan R.O.C. 
02-769-1225 TLX: 23756 
WEST GERMANY 
Tekelec Airtronic Gmbh 
NussbaumstraBe 4 

8000 Munchen 2 

89-594621 TLX: 05-22241 





Diplomat Electronics, Inc. 
4651 Wesigrove Drive 
Dallas, TX 75248 

(214) 931-3404 


UTAH 

Bell Industries 

Elect. Distributor Div. 
3639 West 2150 South 
Salt Lake ce UT 84120 
(801) 972 


Diplomat Electronics, Inc. 
3007 S.W. Temple 

Salt Lake ee UT 84115 
(801) 486-4 


A.C.T.—Salt Lake City 
2105 E. 6320 S. 

Salt Lake ety UT 84121 
(801) 94: 


CANADA 

Future Electronics Inc. 
237 Hymus Blvd. 
(Point Claire) 
Montreal, Quebec 
Canada H9R 5C7 
(514) 694-7710 


Future Eiectronics Inc. 
4800 Dufferin Street 


Downsview, Ontario, M3H5S8 
(416) 663-5563 


Future Electronics inc. 
3070 Kingswa 
Vancouver, B.C. V5R 5J7 
(604) 438-5545 


Future Electronics, Inc. 
Baxter Center 

1050 Baxter Road 
Ottawa, Ontario, K2C 3P2 
(613) 820-8313 


Future Electronics Inc. 
5809 Mac Leod Trail S. 
Unit 109 

Calgary, Alberta T2H OJ 
(403) 259-6408 





STANDARD MICROSYSTEMS 
CORPORATION (ies 


£1983 STANDARD MICROSYSTEMS CORP. 





